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ABSTRACT

Data on the plutonium and uranium content of biological and

physical samples, collected and isolated from non-nuclear deton-

ations of plutonium bearing weapons under various storage altua-

tions, are presented. A precision tracer (Pu-Z36) procedure was

developed for the rapid analysis of the plutonium, which was non-

uniformly distributed in these samples. A fluorimetric procedure

was developed for the rapid analysis of uranium.

Measurement of the platonium content was accomplished by

equilibration of tracer with sample plutonium, radlochemical purL-

fication, tracer yielding, and alpha pulse-height analysis. This

method ensured a high degree of accuracy, high sensitivity, and

freedom from Interference from other alpha emitters.

Over 4. 000 radiobioiogical, radlochemical, and fluorimetric

analysi,; are tabulatea. The analyses were performed atTracerlab's

western division in three isolated laboratories plus aeparated C.ount-

ing facilities. Accurate laboratory analys.s of all samples was

achieved with no personnel contamination or cross-contaminaUon

of samples. Procedures for raditochemical analyses, handling of

special problems, techniques of Alpha Pulse Height Analysis, qual-

i.y control measures, and additional data based on radlochemical

analysis and radiometric measurements are presented.
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CONFIDENTIAL

CHAPTER I

INTRODUCTION

1.1 OBJECTNI

The objectives of Project 5. Zb (Rad;.obiological Anslys iL was

to provide accurate laboratory analysis of animal tissue, bone mater-

ial, and metabolism samples for plutonium and uranium conitnt. Plu-

tonium analyses were performed on all samples and uranium analyses

on approximately ten percent eAcept Clean Slate II, dogs and sheep,

which required uranium analyses on most samples. The uranium anal-

yses were representative of sample and animal types.

Thie object of Project S. 3b (Radiochemical and Physiochemical

Analysis) was to provide accurate laboratory analysis of air, deposi-

tion, water, vegetation, sticky wire, and soil samples for piutonaum

and uranium content. Plutonium analyses were performed on all sarn-

pies and uranium on approximately 10 percent, representative of saer-

pie types.

1. Z BACKGROUND

The personnel associated with Project 5. 2/5. 3b did not par-

ticipate In the field phases of operation Roller Coaster. Reference

is given therefore, to other projects for a description of operationar

events and sample collection for laboratory 6; alyses. The scope of

CampJ IP
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this pro;ect was to provide facilities, services and materials to carry

oat the dual obiectives listed above.

1.3 FACILITIES

Labor.-tory: The radlobiological, raoiochemical, and physio-

chemical analyses of the field collections for plutonium and uranium

are one of the prime sources of evaluative data for Froject Roller

Coaster. The samples collected represent Individually, and totally,

large sums of money and scientific effort. For this reason, analyses

were performed with great care, attention to detail, and utmost pre-

cision. Only those techniques which resulted in unequivocal data

were used. Particular attention was given to the problem of cross-

contamination. Two techniques were employed. The first was se-

quential prccessing, starting with low level samples and proceeding

to the higher level samples , the second involved the physical separa-

tion of high, intermediate, and low level facilities. Both techniques

were used in series. The lowest of high level samples were proces-

sed initially in the intermediate level facilities. For high level sam-

ples, a special wing of the main laboratory building was employed for

initial separation and aliquoting, followed by processing in the inter-

mediate laboratory. All low level samples were processed in a separ-

ate low level laboratory.

Countino and Calculations: These facilities were located in

an isolated wing of the building. Advanced counting and calculation

techniques used by Tracerlab for a number of years were employed. De-

:ailed procedures are given in the reference.

Each sample for Pu analysis was counted on a Z Ir. meth*.,i-

12
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'low, internai alpha counter to determine its range of activity. This in-

tormation was then used to preset the precision (alpha pulse height

.nalysls) counting time and to prevent mixup of samples. The range of

counts was limited by dilutions to approxtimately Z,000 cpm.The range

oý counts in the original sample was 0 to 108. Counts per mLntute was

converted to dpm by standard calculation procedures given in the refer-

,,nces.

The technique of accurate alpha pulse height analysis depends on

such factors as: preparation of high quality standards, calibration and

maintenance of the equipment and routine background,and operational

cnecks of counting instruments. Six Tracerlab Frisch Grid Chambers

were employed for plutonium alpha detection. Three Technical Measure-

ments Corporationpnulti-channel analyzers were used for readout. Four

Frisch Grid Chambers were connected to one multi-channel analyzer by

dividing the full range into four quadrants. The Frisch Grid Chambers

were routinely operated in this manner.

The results of the alpha pulse height analysis are presented on

tape. A graphical plot was made of this information where shape and

resolution of alpha peaks were marginal. The various corrections

and factors were applied to the data and the final result calculated

as concentration per sample.

A computer program for data tabulation was developed. The

program simplified new data 'nsertion and provided for printing of

results rapidly and economically. An IBM card punch, located in a

-corn adjacent to the counting room, was employed for transcribing

raw data.

13
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Storjae: All biological samples were stored in a specially

bui.t walk-in freezer located in tht v level laboratory. The unit

was ls*e enough to store all the sample freezer boxes with adequate

spacing for easy access. The physical samples were stored in met-

al, offkce-type file cabinets with fabricated security locks. Mounid

samples, following analyseswere stored in locked file cabinets in

the counting room. Unused portions of samples were stored on

shelves in a locked stockroom located adjacent to the intermediate

level laboratory.

1.4 SERVICES AND MATERIALS

Services and materials were provided to perform a research

project consisting of plutonium and uranium analysis on the follow-

ing variety of sample matrices:

Casella Impactor Discs

Casella Impactor Fltters

0 Andersen Sampler Discs

Andersen Sampler Filters

Tot6l Mr Samples

Total Air Samples Disposable

Sequential Air Samples

Balloon Wire Swipes

Water Samples

Vegetation (Sagebrush)

Deposition Samples

Sol.. Samples

Biological Samples

14
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Servicxis and materials were provided to assure that resultant

data was most meaningful to the requirements otProject Roller

Coaster and that biweekly progress reports giving scrued result-I

were submitted to Director. VA-K. T"is incljded:

(1) Use Wd new glossuere for each analysis.

(Z) Isoiatt-n of p%.itonntl and facilities for varying levels

of activity.

(3) Constant monitoring of muffle furnaces, hoods, work

tables, floors, etc., by trained monitors under supervision of a

Certif-ed Health Physicist.

(4O Utilization of Plutonium Z2" tracer techniques on all

samples to assutr measurable and accurate yields on all samples.

(5)* Analyses of all plutonium samples by alphG spectro-

scopy.

(6)* Complete dissolution of each sample prior to purifi-

cation.

(7) Establishment of reagent blanks less than 0. 1 alpha

dpm + 100% and less than 5 x 10.9 grams for plutonium and uran-

•um respectively.

(8) Laboratory monitoring of stippled.plates of dissoived

samples as a means of sample separation by activity level and pre-

venting sample mixup.

(9)* Electrodeposldon of plutonium on platinum discs as the

final step of the analysis.

'These procedural techniques were stipulated by the RoUer Coaster

Radiochemistry Referee Team and were conditions of the contrLct.

15
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(10) Storage of unused portions of samples end all mounted

samples for a period of one year or until notification was received

by the Contracting Officer, whichever came first.

(11) Continuous Tracerlab staff evaluation monitoring of a

quality control program.

1.5 PERSONNEL

Tracerlab provided all the personnel for the services described

under Section 1.4. These included the following ard their responsi-

bilities:

(1) Evaluation Staff: General conduct of the project, monitor-

Ing of the quality control program and review of periodic reports.

(2) Project Officer (1): Supervision of the project operation,

health and safety standards, review of all data, writing of periodic

reports, liaison with cognizant Roller Coaste. officials.

(3) Radlobiologist (1): Operation of radiobiological labora-

tory and sample accountancy.

(4) Physiochemist (1): Operation of two physiochemical labor-

tories and sample accountancy.

(5) Radiobiological Technicians (3): Radiobiological analyses

of physical samples.

(6) Physiochemical Technicians (3):- Physiochemical analyses

of physical samples.

(7) Uranium Technician (1): Uranium analyses and calcula-

tions.

16
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(9) Health Physicist j1): Routine monitoring of work areas one

waste materials.

(9) Radlometrics Head (1): Review counting and calculations.

(10) Counting Technician (I): Count plutonium samples.

(11) Calculation Clerks (Z) Calculate plutonium counting

data.

(1Z) Computer Data Clerk (1): Punch and proofread com-

puter data.

(13) Electronics Technician (1): Maintain counting instru-

mentation.

17
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CHAPTER 2

PROCEDURES

2. 1 SAMPLE INVENTORY

Biological The samples arrived by government air freight at

the Alameda Air Terminal In Oakland, Californiaon Z0 September 1963.

They were contained in 1Z polyfoam freezer boxes weighing approxi-

mately 50 pounds per box. All the boxes appeared to be in good condi-

tion and a receipt for the same was given to the DASA cnurier who had

accompanied the ,samples from Kirtlank Air Force Base, Albuquerque,

New Mexico. The boxes were transported to Tracerlab by truck and

placed in the walk-in freezer unit in the low level laboratory, await-

ing inventory instructions from cognizant DASA security petsonnel. On

Z6 September 1963, the contents were inventoried In the presence of

a DASA security officer. A.l samples not clearly marked we.-, r., =ta-=

ged and returned to their original containers. A separate log bookwas

established and the following week a quality control program was mni-

ated. Quadruplicate analyses were run on all reagent materials and a

low level background established. A tracerlab code number was as-

signed each sample.

Physical: The samples were delivered to Tracerlab by Tracerdab's

Health Physics Officer at intervals spanning a three-week period,

starting in mid-October 1963. The samples were contained in

heavy-duty cardboard boxes, doubly wrapped. All boxes appeared

18
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to be in good condition. The Double Trscks samples arrived flrst.

:olowed by Clean Slate I, I1, and 111. The samples were placed in

6 the combination security files in the intermediate level laboratory

and inventoried in the presence of the Tracerlab Security Officer.A

separate log book was established and a Tracerlab code number as-

signed each sample. All samples were clearly marked and identifica-

tion presented no problems. A quality control program was initiated

short'y after arrival of the samples. This program was purposelyde-

layed until after final sample inventory to detinrine if any contain-

.nation of the laboratory had occurred. Quadruplicate analyses on

reagent materials and laboratory swipes were ruro and a low level

background establise hd.

Z. Z PROJ1ECITD ACTIVITY LEVELS

Biologica : Based on the results of TB-57 (Reference W), the major-

iti. of ti•-ucs vcre •cý ctcd to bc iow 4n t"'al plut-onum centent. The

range would be from almost undetectable to thousands of dpm cf plu-

tonium in the nasal mucosa and GI tract (Table 2.1). Because of the

spread between activity levels.extreme care was taken In the pre-

paratior, and processing of the low level tissue samples. As far as

tne receiving laboratory was concerned, these samples represented no

problem in plutonium handling. Since activity in a sample might be

distributed unevenly, the entire sample was always analyzed.

* (Also, see References 2 through 8.)

19
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TABLE 2.1 SELECTED TG-57 DATA FOR PLUTONIUM ACTIVITY
IN DOGS

Mean Weight DPM/Gm
_lssu,, (Grams) Monltg!de - DPM/"Ore n

Spleen ZM 9 0.1 Z.4

GI tract
plus Contents 548.6 10 5500

Liver 309.0 0.01 3.1

Lung 76.6 0.5 38

Trachea 11.9 1 12

Right Femur 34.7 0. 1 3.5

Rib 4.6 1 4.6

Hilar Lymph
Node 0.45 10 4.5

Medinstinal
Lymph Nodes 0.31 10 3.1

Nasal Mucosa Not Analyzed

The levels of uranium at 500, 5000. 7500. and 17500 feet

animal positions corresponding to the plutonium are, based on extra-

polation from TG-57 data, proportional to the ratio of uranium to

plutonium in the test device. Thas In samples very low in Pu content,

the uranium level was expected to be near the limits of detection of

the fluorimeter.

Physical: The sources of plutonium and uranium from the

Roller Coaster teats were soils and various types of collection devices

(surface and airborne), such as filters, impactors, and sticky plates,

all located at various distances from the detonation crater, based on

TG-57 data. The activity levels were expected to range from 0 to 107

20
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dpm. Partlculates of all sizes were expected to be in various matrices.

The plutonium and uranium would vary in chemical composition irom

metals to various alloys, oxides, and salts pruduced in the heat and

pressure of the explosion. Projected activity levels for various sample

types are given below.

(1) Crater Samples: The crater samples wUl be extremely

nigh level with most of the activity near the r jrface. In TG-57, 8 0

square-inch samples were taken to a depth of two oeet and section*d

in'o 1/4 -inch increments. At the surface, this amoL nted to a mUll-

gram of plutonium per Z5 grams of soil.

(2) Soil Samples: The samples from soil cores and surface

fallout were spread out over many square miles. Three levels of sur-

face samples (corresponding to those observed in TG-57) were con.-

sidered, i. e., 500, 40, and Z. 6 ýLg/MZ at distanc, i of S00, 1000,

and Z000 feetjrespectively. An 80-square-inch (0.0515 MZ) surface

imple yields Z5, &Z, and 0.13 pg plutoniumrespectively. These

sample sizes were more than ample for uranium fluorescence and

radiochemical analysis. Uranium in Nevada soil has been determned.

The levels range from 0. 1 to 6. 0 1.g/g of soil, which represents an ap-

preciable normal uranium background.

(3) Filter and Impactor Exit Filter Samples: The levels of

filter activity observed in TG-57 for fallout samples at various dis-

tarnces were less than one microgram of Pu at 1000 feet and 0.01

ýLg aE 25, 000 feet,

(4) Sticky Samples: The targets of the various Impactor Jets

as well as fallout plates employ an alkyd resin surfacing to retain the

21
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particL.:ates as they impact or fall out on the surfaco.. The levels of

Pu activity observed on these surfaces were estimated to be of the some

order of magnitude as the air filter, or in the case of sticky pastes,

equivalent soil samples.

•. 3 SAMPLIE PROCESSING

Ua4•ll,- Techaigues" Advantage was taken of information

locating the field position of the aample with respect to groind zero

and the gross alpha counting data supplied with each sample. Sam-

ples were screened and rough assayed to confirm the accompanying

data. The handling facilities themselves were checked routinely

and blank samples processed to confirm the ambient levels.

As indicated in Table 2.1, the biological samples generally constituted

the lowest level samples and were processed In the low level laboratory.

lowest level samoles and were processed in the low level laboratory.

Those biological samples having a probable higher P V content were

processed in an isolated section of the low level laboratory. In con-

trast, the debris samples, potentially several orders of magnitude

higher in plutonium content even ai the ZSO, 000-foot distance, were

treated as high level samples and processed separately until their

Pu content was established.

Techniques gained through experience for prevention of cross

contamination and mixing in the laboratury were employzd. In par-

ticular, these techniques included proper recording and marking of

each sample by the analyst at every stage in the process. All re-

agents used in this work were made up fresh in new containers and

designated accordingly. New glassware was used for every analy-
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sis in the sp:rit of Item 4, of the guidelines supplied in the DASA

RrP 3-b3. When muffle furnaces were employed, each sample was

covered to remove the possibility of flake out. Hoods, laboratory

surfacesland other exposed areas were cle.1ned routinely and moni-

tored for possible alpha contamination. Thr unused portions of

samples were returned to the original container3 waien possible,

checked for proper labeling and stored in a locked cabinet until

notification of disposition was received from the contracting officer.

Similarly, both the counting discs and planchets (stored in Individual

envelopes or pillboxes) and the original counting data were retained

until notified by the contracting officer. Blanks, spikes, duplicateS,

and actual standards as required were analyzed and furnished to ref-

erees or the agency designated by DASA.

Security and Accountability: Se,-aral means of assuring ade-

quate security and accountability of all biological and physical sam-

ples were investigated. The methods given below offered the most

effective operation.

(1) Biological and physical samples inventoried by two per-

sons and sample numbers Initiale.! by each on Inventory sheets.

(Z) Active Inventory: Biological and physical samples with-

drawn from inventory (by convenience, activity level, and event)

recorded in separate logs, assigned a consecutive Tracerl&b number,

and initialed by custodian.

(3) Each sample assigned a card at start of ana)ysis, card

initialed by analyst at start of every major step (preparation, tracer

addition, dissolution, and purification).
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(4) Sample card information dup icated In sample log.

(5) After decontamination sample assigned a data sheet, per-

tinent information entered, and sample transferred to counting room.

(6) Sample recorded and Initialed by counting room custodian

in a zpecial counting room log with a consecutive number matching

that in the chemistry log.

(7) Sample stored in security file and final calculations pro-

cessed by Tracerlab's normal red dot doublecheck.

(8) Final data reviewed by counting room supervisor, project

officer, and department manager.

(9) Following final review of the raw data, a tabulation of

all values was made by animal numbers (for biological samples) and

arc location (for physical samples).

Production Operation: The following procedures were employed;

to achieve rmaximum production.

(1) Different analyst assigned to each phase of the product-

ion operation on a rotation basis.

(2) Samples prepared for dissolution in batch type operation.

(3) Tracer added in batch type operation.

(4) Samples solubdlized in batch !pe operation.

(5) Samples decontaminated in continuous operation (samples

were processed by pairs. Thus, It was possible to precipitate, cen-

trifuge, extract, etc., several sets of samples in a continuous oper-

alion eliminating dedd time).

(6) Plated samples monitored for approximate yield.
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(7) Plated samples knspected and data sheet prepared by

custodian.

(8) Semples 2 = counted to estimate requir . alpha pulse

height analysis time and to provide a double check on finalresult.

(9) Production schedule a set for each analyst and weekly

results posted.

Preparation: The treatment of the physical samples varte& Se-

cording to the nature of the collection media. These divide into

three types: a heterogeneous mixture of soil and.debris, air and

surface fallout, and resuspended particulates collected on organic

filters ar.d similar material adhering to sticky plates. Because of

the high levels of plutonium alpha activity expected, all field and

laboratory procedures were reviewed with regard to preventing cross

contamination and preserving the integrity of the samples. The level

of uranium was not hazardous but similar precautions apply.

The samples for radiochemical and uranium fluorimetric analysis

were categorized at the time of receipt of the samples, The samples

were already grouped at the test site. Similar levels of alpha ac-

tivity were handled together and precautions against cross contamin-

ation were maintained. Becatse of the relatively high lavels of al-

pha activity, some samples were processed tn glove boxes.

All samples were ultimately reduced to the levels required for lab-

oratory operations and stored or processed as scheduling permitted.

Dilutions were made such that no aliquot contained more than 4000

dpm.
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SamPle Control" Strict sample control was Instituted In orderto

be sure that samples w,, re not misplaced,delayed,or processedwith sam-

ples of different activity magnitude. As mentioned earlier, many

samples received for processing contained designations as to gener-

al activity level and sampling location. ThLs information was useful

in routing the sample to the proper dissolution laboratory. Locations

o particulate samplers consisting of six-stage Andersen Impactors,

five-stage Casella Impactors, total air samplers, and sticky cylin-

ders, are given for referenc. In Figures A. Z through A. 8.

Figure A. 1 shows Clean Slate Igloo dimensions.

For each lot of samples received, a sample check-off sheet was

initiated containing sample numbers and due dates. It was reprodu-

ced and distributed to the key personnel along the processing route.

These personnel osiecked off the samples as they were processed,

and thus continuous check on sample status was maintained. In ad-

dition, a sample procesting card and sheet (mentioned in Section Z.3)

was initiated for each sample. The card contained pertinent chemical

information and followed the sample through dissolution and decontam-

ination. The processing sheet, in addition to the card information,

contained spaces for recording all data needed to calculate the analy-

tical results. Spaces were provided for sample size, sample aliquots,

tracer aliquots, etc. It also contained sample muting Instructions and

followed the sample from decontamination through calculations. A

typical processing sheet is included in Appendix C. When final cal-

culations were completed and reviewed by the project officer, the

data was transcribed to IBM cards for the preparation of a computer report.
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Quality Control: In order to maintain high quality standards, the

dr-alytical work of this laboratory was closely contiolled. This con-

trol was maintained in the laboratory and in the counting room.Blank

samples were processed completely through chemistry and counting to

determine if there was any labcatory contamination. Known pluton-

ium samples (standards prcpared by adding a Pu-Z39 spike to a matrix

material similar to those being processed) were similarly cycled

through the laboratory to check on procedures and counting geometry

factors. In addition, standard and calibration samples furnished by

DASA referee personnel were processed toassure results of all Roller

Coaster contractor laboratories were comparable. Beta gamma, and alpha

activities of electrodeposited alpha .amples of solutions of pure PuTM and

mixed Pum were cross-counted among Air Force and AEC laboratories

during theRoller Coaster analyses period. Perioec blank samples were also

cross-counted.

The techniques used in maintaining high quality standards for ur-

aniurn analysis are specified in the detailed Fluorimetric Determination

Procedure included in Appendix B. Blanks, standard solutions~and

spiked unknowns were analyzed with each batch of Z0 samples. A

routine review of the results of all samples processe- was performed

by the project leader or his delegated assistants. All counting data

was reviewed to asertain that alpha spectrometer runs were good as

to alpha peak resolution, that the alpha peaks were properly shaped

without undue tailing of one peak into the next, and that the base

are• of the peak was properly defined. Other aspects of the sample
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run were checked such as adequate chemicaA yield, clean weLght-

less electrodepusits on Pu sample plates, etc. Any discrepaacles

were reported to the project leader on the QUAL1iY CONTROL -SAM-

PLE DEFICIENCY REPORT form for appropriate action. A copy af this

form is attached in Appendix C.

2. 4 GENERAL LABORATORY METHODS

Discussion: The material presented in this section descr•ues,

in general, radlochemical techniques used by Tracerlab for a number

of years for determining Pu-Z39 and uranium in various sample types.

In particular, Pu-236 tracer yielding for all pluton' z enalyses was

employed. Radiochemical techniques were such that yields gmter

than 60% were generally obtained. Separation of uranium and pluton-

iu•n was carried out on every sample. Furthermo , all pluton-ainsam-

pies were measured by pulse height analysis techniques, with high

sensitivity and assurance of no interference by other alpha emitters.

The counting error had a precision of 10% for the low count-Ing sai-

pies when economically feasible and 31's or better for the more active

samples.

The recovery efficiency for uranium was checked on each analy-

sis according to the techniques described in "SCTM 369-59(51) Test

Group 57 Radiochemistry', by R. T. Everett and R. W. Drake. AlIl

samples were completely dissolved. An aliquot. usually 10% of the

total dissolved solution, was taken from samples requiring uranium

analysis. When required, an extraction was performed to remove

quenching agents suc , .: copper and iron cations. The tc'JAl uran-

ium was determined by a fluorescence technique in & Jarrell-Ash
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Fluorimeter.

The biologicals presented some unique challenges both in dis-

solution and puriflcOtin. Prior to the start of the project, an ex-

haustive literature survey was made and consultations held with In-

dividuals learned in the bloassay field on the problem subject. Most

of the information ana procedures offered, however, dealt with organ-

ics less than 50 grams in weight. Very little was known about analy-

z.ng pound size samples for plutonium and uranium. It was decided,

therefore, to combine modified Tracerlab biological procedures with

those in the literature,to fit the situation. A lengthy development pro-

gram produced the detailed radiochemical and fluc !metric procedures

given in Appendix B.

A technical paper, "Routine Determination of Plutonium by Tracer

Techniques in Large Biological Samples," based on our biological de-

velopment workjwas presented at the Hanford Symposium on "Inhaled

Radioactive Particles and Gases" and at the 9th annual Health Physics

Society in Cincinnati, Ohio. A copy of the paper is given in Appendix

D.

The biological samples were processed concurrently with the physi-

cal samples, which were arranged in order of Double Tracks, Clean Slate

I, 11, and III. The techniques for dissolution, separation, purification,

are described in the following paragraphs. It should be mentioned

that a given procedure does not necessarily cover every chemical or

counting situation. Often one or more samples among identical types

required special treatment.
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Biological Sampel DQlsolution: The biologicaldissolution procedures

employed resulted in the least loss of sample.. Wet versus dry

dissolutoqp. was experimentally compared. Dry ashing of most biolcgi-

cal samples, although convenient and inexpenswe, results in loss of

sample by spattering, mechanical entrainment, and polymerizationand

formation of insoluble oxides of Pu. This is especially true of samples

which have high organic-to-ash ratios. In there case. it may be diffi-

cult or impossible to recover all of the sample plutonium from the walls

of the ashing container. Loss occurring at this stage may result in In-

accurate sample yielding. Bone samples have a low organic-to-ash

ratio, and the ash serves as a carrier to prevent loss of Pu during dry

ashing. The bone ash is bulky and easily removed frum the ashing

container by dissolving in acid and then is equilibrated with Pu tracer.

Wet dissolution in the presence of Pu-Z36 tracer allows exchange of

sample Pu with tracer and control over excessive temperatures, thus

preventing formation of insoluble oxides and polymers. Wet dissolu-

tion was routinely performed, using a refluxLng appartur (Figures F.1

through F.3) or open beakers, by an experienced chemist. AU samples

proceosed for plutonium analyses employed Pu26 tracer for yielding. The

tracer activity was normally aliquoted such that it was within a factor of

five of the expected sample activity but a minimum of 15 dpm. The

tracer was always added at the start of dissolution except for bone

samples. Dissolution of the biological samples varied with the tis-

sue or metabolism type and size. A brief discussion of each is

givan below.

(1) Small tissues ( 4Z ounces): Samples were placed in ap-
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propriate sized jeakers (z50 to 400 ml), organ activity was estimated

from the data in 7G-5 7 , and appropriate traceradded. Each sample was

covered with HN0 3 and the mixture boiled to low volume. Fuming HNO 3

and HC10. were added and the mixture again boiled to low volume.

When the HNO3 was driven off and the HCIO 4 concentrated by boiling,

an exothermic reaction took place and moderate foam swelled up tnside

the beaker. The reaction could be controlled by the addition of HN0 3 ,

but with small organics this was not usually necessary. Further boil-

ing produced a clear solution containing only minor amounts of salts

which were solubilized on dilution. Care was taken to avoid evapor-

ation to dryness since formation of explosive perchlorate salts would

result.

(2) Medium Tissues (Z ounces to 2 pounds)- Samples were placed

in appropriate sized beakers (1 to 4 liters) and tracer added. Each arM-

pie was covered with HNO3 and boiled to low volume. Sulphuric acid

was added to char the organic and the mixture fumed to low volume

twice until a deep red solution was obtained. Fuming HNO3 was ad-

ded and the solution boiled tolow volume. Nitric acid and HCOl 4

were added in that order and the solution boiled to low volume. Sul-

phuric acid was again added and the solution boiled tO low volume to

drive off all H0Ol 4 which forms explosive mixtures with the cupfer-

ron - CHC13 reagent added later to extract plutonium and uranium.

The dissolution of the samples in this category was done by the HClD 4

2.zSC 4 method rather than the H2 S0 4 reflux method since the former

was much faster. Also the amount of organic present at the timc of

HC1O 4 addition was small and any exothermic reaction (occurring
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wnen ho: conccrtrated HCIQ 4 Is mixed with organic matter) was mLai-

(3) Large Tissues ( > 3 pounds): Most of the samples In da•i

category were dissolved in fokr-liter beaker; a few tissues had

to be divided into two or more sections to fit. To eliminate the thaw-

ing process, an electric knife was used for the dlvl.lon. Tracer,

KSO 4, Hg catalyst, and, antifcam agent was added to each sectlon.

F.nough H zSO4 was added to cover the sample, and an Inverted i-inch

finnel, held by a ring stand, was placed inside the beaker. The

sample was placed on an individual hot plate (covered with asbestos

to avoid cracking of beaker at ensuing high temperatures) and heated

at low-temperature until a black tar mixture was obtained. The heat

was Increased until the tar turned to, in order, black jelly, black

liquid, red liquid, clear solution. During high-temperature heating the

H zso 4 refluxed and the Inverted funnel was raised or lowered to con-

trol the action. Asbestos wrapped around the beaker increased the

tcnperature and reflux conditions. A trace of carbonaceous materLal

left on the a•eaker and funnel walls after refluxing was removed by

HC10 4 cleansing and boiling. However, the formation of metal organ-

ic salts from the HCIO4 precluded good decontamination and H SO4

washings were substituted. The remaining H SO 4 was finally fumed

to wet dryness. Since many samples were processed simultaneously

the billows of heavly, toxic SO 3P -ClO 4, and nitrous oxide fumes out-

side the lab created a potential health problem. A multi-vacuum appar-

atus,leading to a large polyethylene carboy filled with a dilute base,

trapped most of the fumes. The balance were solubilized in a water-
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scr.bber apparatus attacned to the oi~side nood vents. Dist.1lltton

and, concensation of the acid fumcs was aiso tried inside the hood and

:ouund to be effective. During H SO4 evaporation large amounts of In-

organic salts (from the combination of the acid radical and the minerals

in the animal organ) precipitated out of the acid solution. Since these

salts interfered with later decontam'.nation of Pu and U, a procedure

was developed in which the heavy elements were reduced with NH CH-

HCI and extracted from the bulk salts with cupfer-.n and CHCL 3 As
3

a result of this modification cleaz plstes and good yields were obtained.

(4) Bone Samples (All Sizes): Al. bone samples were dried In

a drying oven overnight to reduce smoking and popping during the ash-

ing operation. Following the drying process the bones were cut as required xDd

ashed at 5000C overnight in Corningware (Cornlngware Is glazed and

eli.ninares ash sticking to the walls). The ash, salts, and low smoke

content of bones obviated swelling and entrainment loss of Pu (as con-

:rasted to animal organ samples). The ash was transfered quantitatively

to a beaker and dissolv-d in HCI. Tracer was added at this point

.ather than at zhe start to assure equilibration and accurate yield. Los-

ses of U as well as Pu in ashed bone samples are prevented by the

heavy ash content. The solution was boiled to low volume and the

plutonium and uranium extracted from the large amounts of salts by

the cupterron - CHCI3 method mentioned earlier. The extracted mater-

ial was boiled to low volume br,% reboiled with HC1O 4 to wet dryness.

in the larger bone samples, . white residue apF-ared at this point

and a second extraction was- necessary. A few ml of H01 was added

to the final wet dry H,1O4 mixture prior to the second extraction. An

attempt was made to remove Pu from an acid solution on a Zr 3(PO4)4
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precipitate. However, the yields were lower and plates extremely

dirty, distorting the alpha energy spectrum. This procedure wae die-

carded early for the extraction.

(5) Metabolism Samples (All Sizes): Urine and feces sam-

pies were analyzed similarly except urine samples were first evapor-

ated to wet dryness (after tracer addition). Both types of samples

were then covered with HNO3 and boiled to low volume. Fuming

H-40 was added and the solution cautiously evaporated to dryness.

NVen the samples were near dryness, ignition occurred and the rest-

d..i, burned slowly with the evolution of nitrous oxide fumes. After

tze pyrotechnic flame had subsided the iesidue was taken up with

HN O 3 and HCIO4 and boiled to low volume as in the medium tissue

procedure. Sulphuric acid was added and the mixture boiled to drive

off HCiO prior to the extraction with cupferron-CHCl3OI

Biolooical Sample Purification: After dissolution, the sample

was purited. Purification is necessary to decontaminate the sam-

ple from other radionuclides present and secondly to separate plu-

:onium from macro amounts of all other zlements. The final product

is a weightless, contaminant-free invisible deposit of plutonium.

The preparation of a weightless deposit yields sharp, well-resol-

ved alpha peaks. The procedure is simple, well-established, and

with normal care results in high yield. The basic steps in the pro-

cedure are Fe (OH)3 precipitation, ion-exchange separation, and

electroplating onto a polished plaitinum disc. The plated sample

is placed in a small labeled metal containe. and is counted by

alpha pulse height analysis.

The purification of the larger biological and bone samples pre-
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snted soBme spec.al problems. Off ca-or (whitc) Fe(OH) precipi-

tates, acid disso,•ýion residues, and violent .oBrO 3 oxidation re-

actions uften occurred if a hexor, o extraction was employed.

Remov3l of salts in the cupfcrron - Cl-Cl 3 extraction immediately

following dissolution eliminated most of the problems described.

As mentioned earlier, some bone samples required two additional

cupfenon - CHCl 3 extractions to prevent large CaOH-CaPO4 pre-

c.pitates occurring in the first step in purification. Purification

of a biological sample sometimes required large Volumes of CHCI 3

and several days of an analyst's time.

Physical Sample Dxssolut~on: All physical samples proces-

sed for plutonium analysis employed Pu-Z36 tracer for yielding.

.racer additions were similar to those of the biological analyses

except where large dilutions were necessary. Heavy soil samples

were set aside pending Investigation of a partial dissolution pro-

cedure. Wet chemistry techniques (using NF) were employed on

samples containing small amounts of soil. Filter and sticky film

samples were Lreazed with fuming niiric and perchloric to destrWy

organic matter and then with HF to dissolve any silicates present.

Physical samples, es biological, were treated with H SO - HCIO
2 4 4

to assure equilibration of tracer and sample Pu.

Dissolution of the physical samples varied with sample type

and size. Generally HF treatment was required to remove silicates

and all of the dissolutions were started or transferred to teflon

beakers. A brief discussion of those types giving dissolution
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problerns are listed below (HF disc boiling avoided, prevnt U FNckup).

(1) Cassella and Ak.dcrscn Discs?. No special obstaclas

were orcountered until the end of the normal dissolutAon procedure.

A white residue wes observed on the surface of some of the discs

z,:,r rcmoval from the acid dissolver solution and subsequent &it dry-

ing. The residua was checked for activity but noe was apparent. As

a precaution, the glass disc was rinsed into the original beaker with

a IN HF-HNO3 solution which removed all traces of the residua.

(Z) Sticky Films, Method No. 1 : The sample was covered

\vz:n fuming HNO3 and boiled to low volume. The procedure wits re-

pcatea until the solution turned from black to a dull red (usually re-

q;,•.red approximately one liter of fuming HNO 3). Perchioric acid was

added and the mixture boded to low voiume. An exothermic reaction

occurring at this point was allowed to go tz completion. Further

boiling produced a clear solution.

(3) Sticky Films, Method No. Z: The sample was covered

with fuming HNO3 and boiled to low volume. The process was rv-

peated Z or 3 times and the mixture allowed to dry and ignite on the

last time. Ignition was encouragedby dropwise addition of fuming

HNO and heat. Final dissolution of the carbon black sample was
3

accomplished with addition of HCIO . Limited exothermic reaction
4

occurred in this step.

(4) Sticky Films: Method No. 3: Approximately 5 ml of

Z,-H 3 OH was added and the sample ignited with a Fischer burner.

Furing HNO 3 and HCIO were added after Ignition was conpletedand
3 4

rxzure boiled to low volume. If the sample contained appreciable
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a;a.aunts of dirt, bumping occurred. Adlition of 3 Wo 5 Ml of IJSO4

o-iminated this bumping in boiling to low volume (some foaming oc-

cufrred at this point). Finally, HF war cdded tu effect complete dis-

solution of the dirt. This method proved to oe tne most economical

ta~mewise and in cons..mption of reagent. No loss of sample was *vt-

•.•n by activity measurements of filter coilections of tne fumes.

(5) Total Air (TAS): These samples were usually dissolved In

,..,tng HNO3 and chaTred, followed by a fuming HNO 3- HCIO4 dis-

sol.itton. Samples with appreciable amounts of dLrt requitred 'F

treatments.

(6) Total Air Disposable (TASD): Samples were relatively

"•alky and required several acid d,%ssolutions. The samples were

treated with fuming HNO 3 and charred. A sticky ring remained on

the wall of the teflon beaker which was dissolved by boiling with

HZSO 4 and HCIO Nitric acid and HF were added after the last

HClO4 reaction and the sample boiled to low volume.

(7) Small Soil Samples (45 gms)i Dissolution of soils was

done almost entirely in teflon beakers due to required HF

trcatments. Fuming HNO3 was first added to cover *ne sample and the

sample boiled until yellow fumes were no longer evident (bumping oc-

curs at too low a volume). Perchloric acid was added and the miture

boiled to wet dryness. Little reaction occurs du:ing this step. Fuming

HNO 3 was added to cool the mixture and HF added (15 to 25 ml for each

5 gins of soil, 1 ml at a time to control reaction) until low: foam 2g re-

action subsided. The mixture was boilcd until a clear solution was

lNot normal, but backing stuck to fllter.
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obtained. All the sample except water soluble salts and a trace of

hard silica (the latter showed no meoasurable activity) went into solu-

..on after acid boiling. Dilution of the acid solution (250 ml for each

10 gins of soil) dissolved all residues but the hard silica.

(8) Large Soil Samples (5 gins): The physical samples were

of greater variety but generally easier to dissolve than the biologicals

with the exception of those containing heavy dirt. All of the soil sam-

ples, (approximately 60) received for analyses contained I to 6 pounds

of dirt and sand. Samples this size can be dissolved with large quan-

tities of acids and a lengthy digestion period. The compkicating factor,

:•owever, is dissolution of the water soluble salts which precipitate

during the acid digestion (salting out process). For example, dissolu-

tion of 10 grams (453.6 gins equal 1 pound of soil)requires an ultimate

dilution of Z50 ml to dissolve the water-soluble salts. A proportionately

greater dilution is needed for larger samples. Obviously, the Pu-Z39

acztivity in a workable aliquot of an infinitely large dilution would be

* !jifly (A'vectalie even on hot samples. IE seemed desirable there-

iore, ao develop a method for separating the Pu compounds from the

bulk of the soil. Flotation agents were tried on the prermise the heav-

ier plutonium bearing particles would separate from bulk soil by grav-

ity centrifugation. The so-called soils, however, apparently had

components equal or greater in density to plutonium compounds since

95% of the material -,-as deposited in the bottom of the centrifuge cone.

Pernaps the soils were heavy dense volcanic ash.

Following the flotation procedure a tracer and tracer-free partial

dissolution of the soils was attempted and the results were highly suc-
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cessful. In this method, eight 50 gram samples from Clean Slaw 11

and III soil throwout collections were treated in a manner similar to

total dissolutions of small soil samples except the reaction was stop-

ped after approximately one fourth (30 minutes of dissolutou Mn e re-

qu~red) of the soil was dissolved. Aporoximately SO rml of f-HNO3

and saturated H3 BO4 was added and the mixture boiled to wet dry-

ness. Hydrochloric acid additions with boiling were repeated until

the HNO 3 was destroyed. Care was taken to avoid excessive foam-

ing and swelling of the heavy scum which appeared at low volume.

The mixture was transferred to a large sized poly bottle with HCI

washin' - and diluted to the half full mark with HzO. Hydroxylamine -

HCI, CHC'-3 and cupferron reagent were added, the mixture stirred

vigorously, and centrifuged to separate the phases. Approximately

95% of the now dark CH 3 CI 3 layer was removed with a transfer pipet,

care being taken not to disturb the interface scum. The extraction

was repeated until the CHCI 3 layer was colorless (usually required

4 to 6 extractions). The extracted collections were evaporated at low

heat to a heavy sludge (light flaming occasionally occurred in the

sludge). Dilute HNO 3 (6N.) was added t.o the sludge and the mix-

ture boiled to a heavy black tar. If bumping occurred HCl was ad-

ded. Nitric acid was added, the mixture boiled to wet dryness,

and the procedure repeated with f-HNO 3 until the tar turned a black

liquid. Perchloric acid was added and a resulting slow exothermic

reaction allowed to go to completion. The solution was boiled until

perchlorate salts precipitated. Most of the salts were dissolved by

repeated boiling with aqua regia. Remaining salts were washed with
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H and boiled in fuming HNO 3 - HCI. The solutions were combined

and dikluted to.the mark in a volumetric flasK with fumLnro HNO and
3

H2 0.

The residue from each of the partial dissolutions was completely

dissolved in a manner similar to Lhat for the small soil samples. Re-

suits of the eight samples showed approximately 95% of the plutonium

was extracted. Subsequent experiments, however, show that partial

dissolution must be restricted to sample sections df ZOO gns iw less

because of dilution and extraction limitations.

(9) Liquid Water: The water samples were contained in glass

bottles. The cap had been sealed with tape but most of the bottles

had leaked rather badly. The pH of each sample was determined with

a Beckmran pH meter. The volume of the sample was measured in a grad-

uated cylinder. All of the samples contained appreciable amounts of al-

gae and dirt. A suspension aliquot of each sample was centrifuged and

a stippled plate activity measurement made of each supernatt Mliquots

from samples showing activity in the centrifuge supernate were filtered

through a millipore filter and the filtrate analyzed by alpha pulse height

analysis. The rnillipore filter was leached with successive additions of

0. 1N HCI over a 48-hour period. Each leach was fVltered through a new

minlipore and the filtrate analyzed by Z 7r counting of a stippled plate.

The milhipore filters from some of the leached samples were dissolved,

purified, and analyzed by alpha pulse height analysis.

A separate suspension aliquot of several of the samples was ana-

lyzed by cupferron - CHCl3 extraction at neutral pH and counted by

alpha spectroscopy.

40

CONFIDENTIAL



The contents of five bottles were totally dissolved and analyzed

ay standard Roller Coaster radiochemical methods, including alpha

•pulsc height aralysis. Acid rinses of bottles were also analyzed.

All the analyses were for plutonium content and some for uranium.

Physical Sarmple Purification. The majority f the physical sam-

pies were purified, followLkg diasolution~in a routine manner by the

purification procedure given in Appendix B. Physical Samples with

heavy dirt, however, required several cupferron-CHCI3 extractions and

alternate NaOH-Na CO NH OH precipitations to free the plutonium
2 3 4

compounds from excessive salt concentrations. In samples contain-

ing large amounts of Fe, a brown residue appeared on the resin puri-

fication column. This residue was dissolved during HCI elution. A

trace of insoluble salts sometimes formed in the purified solution

(tentatively identified as aluminum and titanium oxides) but contain-

ed no activity.

Elcctroplatina: A rapid electrodepositioi procedure was used to

obtain from the purified sample a weightless, invisible deposit of

plutonium on a platinum disc. A plating time of 10 minutes was usu-

ally required. The disc was 5 mils thick with a mirror finish, pre-

cut to Z. Z cm in diameter. The electrodeposition cell, designed by

our laboratory, limited the plating solution exposure to a glass tower,

teflon gasketand platinum disc.

An excess of solution during the plating operation can result in as

much as 70% loss of activity,, The optimum volume of the plating solu-

tion was found to be approximately 4 ml which represents about 1/4
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incn of liquid 0n the plating cell. In general, those samples having

heavy dirt at first produced dirty plates. Changing lab reagents,

plating solutions, and re-extracting the sample with hexone Just

prior to plating did little to improve plate quality. Cupferron -CHCI 3

extraction, baking the water extractant with successive additions of

aqua regia, and resin column purification produced clean plates.

Dirty plates also occurred when any residual organic material was not

destro-ed or when extraction was incomplete. Rinsing the plates with

distilled water and flaming improved plate quality.

Stipplcd Plates: All samples with field monitor activity levels

abov(, a certain range were dissolved tracer free and a stippled aliquot

measured for approximate activity. if the high activity value was con-

fIrmed, a dilution was made and tracer added to the aliquot. This pre-

vented mis-match of Pu-Z39 activity and tracer so that one alpha peak

was not swamped by the other in the pulse height spectra.

Odors: Last but not least was the problem of nefarious odors

emanating from the dissolved large tissues and especially metabolism

samples. Fortunately, the odors from tissues were all but eliminated

by HC104 type dissolution and H SO4 refluxing methods. Boll-downs

of urine and feces samples) though often produced a pungent odor in

the lab. A resourceful chemist purchased a Buddha incrnse burner

and the resulting atmosphere was satisfactory to everyone's olfactory

senses.

Uranium Separation: A uranium separation from plutonium was

,made in each plutonium analysis by a basic carbonate precipitation

which carries plutonium. The uranium carbonate complex is 3oluble
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under these conditions. However, if due to sample impurities, the

uranium does not solubilize completely, it will not interfere with

the measurement of Pu-Z39 (5.0 to 5.2 Mev integration limits) in an

alpha pulse height analysis since uranium alphas fall at a lower

energy. In the procedures outlined, the uranium separated in the

plutonium procedure was not used for analysis. The uranium analy-

sis was performed with sufficient sensitivity on another aliquot of

the dissolved sample.

Assuming 1 ýLg of natural uranium to be present in a sample con-

taining 10 dpm Pu-239, an unexpectedly high ratio, the fc1lowing sam-

ple activities can be expected:

Nuclide cpm Alpha Energy

U-238 0.26 4.18 Mev

U-235 0.01 4.40

U-234 0. Z5 4.75S

Pu-&.39 3.47 5.14

Pu-Z38 - 5.48

Pu-Z36 5.75

The closest Pu and U alphas, as is evidentjare sufficiently sep-

arated in energy.

2. 5 PREPARATION OF TRACER

The tracer employed in yielding plutonium lIoatopes is Pu-236

(made by the d, n reaction on highly purified U-Z35). The Pu-236

was prepared in a cyclotron irradiation and chemically purified ai

Tracerlab. Approximately Z0, 000 dpm was aliquoted and pulse-height

analyzed to determine isotopic purity and percent Pu-Z39, 240 pres-
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ent, if any. Conections to subsequent samples were applied if any

Pu-Z39. Z40 was found in the tracer. Previous experience has shown

that on high purity Pu-Z36, the ratio of Pu-Z39/Pu-236 is about

1 x 10- The importance of any correction depends on the Pu-Z39,

Z40 activity In the sample analyzed. Once the purity of the tracer

had been established, two stock solutions were standardized at

about 400 and Z0 dpm/ml. A choice of stock for each analysis de-

pended on the anticipated activity of the individual sample.

Ionic Pu-236 tracer has shown a tendency to polymerize and/or

form oxides on standing or in the presence of trace quantities of or-

ganics. This can result In incomplete equilibration with other Pu

radioisotopes arid loss of yield. Preparation of Pu-Z36 standards

from a concentrated stock solution, therefore, included an HClO4

treatment to destroy organics and -solubllize all tracer activity.

Residual amounts of the acid were left in the standard soluUons to

hold the tracer in a soluble form.

The trace: was standardized by isotopic dilution and exhaustive

electrodeposition. In both methods, a suitable aliquot was with-

drawn from stock, electrodeposIted on a platinum disc and counted.

In exhaustive electrodeposition the plating solution was reduced Inl

volume and any remaining plutonium again electrodeposited. This

process was repeated until further electrodeposition produced no 4

change in disc activity. Summation of the electrodepositions gave

the tracer concentration. Four to eight determinations were norm-

ally averaged to yield a final value. Concentrations were usually

determined to plus or minus 2%.
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In isotopic dilution a spike of National Bureau of Standards

stock solution* (99.97% pure) was added, for yielding, to nine

aliquots of the purified Pu-236 stock solution. The spike and tracer

were equiIibrated by evaporation with H2 S0 4 and HCIO 4 and electro-

deposited on the platinum disc. The plated samples were counted

and the Pu-236 concentration calculated after Pu-239 yielding.

Exhaustive electrodeposition gave an average concentration of

25.0 + 0,38 dpm/ml Pu-236 for four aliquots. Isotopic dilution

gave an average of 25.7 ± 0.26 dpm/ml for nine aliquots. Experience

has shown that the first method is suscei.tible .o low results due to

sequential handling losses. This point has been confirmed by stan-

dardization of the tracer using a combination of both techniques on

the same aliquots of tracer.

It was anticipated that the Pu-236 tracer might change concen-

tration over a period of time due to a combination of factors, pri-

marily evaporation of the media and/or deposition of the tracer on

the walls of the polyethylene storage bottle. To minimize this error,

aliquots of the standardized stock solutions were added to several

small polyethylene storage bottles and acidified with 6N HGl.

To insure that the accuracy of the tracer standardization was

maintained, a set of two exhaustive electrodepositions was per-

iormed after five months. (See-Tracer Standardization Procedure in

Appendix B for method). The set of two platings had to agree within

2.5% and their average within 2% of the previous standardization,

or further platings and/or complete restandardization was necessary.

* An analysis of the NBS standard (listed as 99.97% pure) on our Mass
Spectrometer gave the following isotopic composition; 94.386 weight
% Pu-239, 5.271 weight % Pu-240, and 0.343 weight % Pu-241. The
Pu-239, Pu-240 alpha disintegration rate of the solution was calcula-
ted from this data.
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2.6 ACTIVITY MEASUREMENTS

Countine: Each plutonium sample was electroplated on a S-ml

platinum disc (for best peak resolution) and counted on an alpha

pulse height analyzer. The disc was Ignited to remove any residual

deposit, since resolution decreases proportionately with an nrase

in deposit thickness. In order to utilize existing equipment, the

outputs from four Frisch Grid Chambers were connected to one multi-

channel analyzer by dividing the full range of the analyzer (256

channels) into quadrants of 64 channels each. The instrument con-

trols were adjusted so that the sixty four chant,els covered the entire

energy range of the plutonium isotapes. The 3mpILfter controlz were

adjusted to cover.the range 4.5 to 6.0 "4ev which included Puz-238

(5.49 Mev), Pu-239 (5.15 Mev), and Pu-240 (5.15 Mev) and Pu-236

(5,75 Mev) tracer. This amplhfier gain setting gave a scale factor

of approximately 37 Key per channel, and each isotope present was

registered over a spread of about ten channels. Optimum gain set-

tings discriminated against activity energies outside the Pu-236,

239 energy region. The result was a pure spectra of Pu-236, 238;

239. Even slightly dirty plates showed minimum straggling in the

valley region of the spectrum. Occasionally a small alpha t 3ak

from the U-232 decay daughter of the tracer was seen if a sample

was recounted several weeks after chemical decontamination.How-

ever, the U-232 peak, located at an independent energy, in no way

interfered with the analysis. Samples with low yields or poor spectra

were reworked.

A disposable metal collimating ring, surrounding each sample
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discwas used with each sample to preclude the counting of de-

graded alpha particles. Some loss in counting efficiency resulted

z.: was M.oset by improved pea4 conto,;rs and distinct separation of

a.'pna energy peaks, TVe resoution (f.ii w;dtr. at hailf-maxiuwrn) of

:L fo,;r Frisch-Grid cl %mbers iciud~; dý.: co...:.ation was 0.88%

at 5. 15,Mev. The alpn. peak counting ctfiiciency wai approximately

35%.

T. counting time for an unknown sample was determined by the

tso:ope having the lowest activity. A total collected count. of this

isotope wnich gae d standard statistical counting error of 10% was

cons-dered satisfactory. However, if possible, a total collected

cznt giving a starndard error of 3', was obtained. The tracer yieli

was determined to an error of 3%.

Table 2.2 indicates the variables involved in the choice of count-

ing timre. Counting times of rnmuch greater than 1000 minutes were

.01 economically justified. Also samples w:th adequate yields show-

no Pu-.139activity after 40 minutes of counting time were reported

.. s suc.h with a standard error for the background count of the in~tru-

TABLE 2.2 TOTAL COUNTING TIME REQUIRED TO GIVE LISTED

FRROR*
3% 5%10%

Activity Error Error Error

I0 cpm 111 40 10

1 1110 400 100

0.1 " 11100 4000 1000

*Background for alpha pulse analyzer is virtually negligible, ranging

from 0. 006to 0.01 cpm.
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".-.m ir r,!' G-m-try : A geometry factor is used to con-

v, - it.,- osierved counting rate of an unknown sample to absolute

dsntL-;ILions per minute (dpm). The geometry fac'or is defined as

tý.c cosrved corrected counting rate divided by the absolute disinte-

gritior. rate of a calibrated plutonium standard source. The obser-

vei counting rate of a sample always contains the following inherent

iossea.

(1) "A Geometry: Th- geometry is restricted to iTI stera--

dians oy virtue of a flat disc mounting.

(2) Collirmrdton Loss: Described in counting section.

.nr,')Iysis of Pulse Height D-ta: A short run of a calibrated plu-

tonium standard source was made before and after the analysis of an

unknown plutonium sample. This procedure gave an evaluation of the

counting geometry and resolution of the instrument including any chan-

nel shiiting of the alpha peak, in this interval of time.

A~ltcr counting a sample, a Pulse Height Graph sheet was used to

rjke a grdpnicuil plot of the dowt, as needed. Channel counts on the

ordinttt were plotted versus channel number and/or energy on the

abscissa. From this graph, together with the data tape, an analysis

of tne isotope peaks was carried out utilizing the attached processing

sneet. In selecting the group of channels representing each Isotope

peak, tho, following points were considered:

() Width of Isotope Peak Base: Since 'eah sotope peak

wnich represents a single alpha particle energy is theoretically of

tre same contour, its base will cover the same number of channels

with only the neight of the peak differing in each boe*. The peak

4C

• CONFIDENTIAL



contour may be represented approximately by a Gaussian dlatrbu-

Lion curve as described in the references.

(Z) Low Energy Tail: The low energy tail of each isotope

peak will continue down to zero energy. Hovover, no counts less

than 1% of the peak height are added to the totalized peek count.

The totallized count of the calibrated plutonium standard source Is

evaluated In the same manner.

(3) Background: On low counting samples, It ls necessary

to correct for background. This correction is compiled from a statis-

tical summation of consecutive background determinations and is

subtracted empirically In the peak energy region, from a Inowleda of die

isotopes present and of their peak contours.

(4) Peak Resolution: The resolution is determined by the width

of the peak contour and will determine the possibility of detecting

isotope peaks in close proximity, Resolution may be mathematically

denoted as the peak width at its mid-height divided by the peak ener-

gy, each value expressed in the same energy units. The resolutionfor

selected analysts is calculated In order to determine the amount of

instrument drift. The desired resolution was always better than 1.5 percent.

(5) Instrument Drift: Drift is defined as the percentage change

in peak resolution during an analysis. It is evidenced by a broaden-

ing of the peak contour and, in extreme cases, will give rise to ex-

cessive peak overlap. The amount of drift witl indicate the degree

of instrument stability during an extended analysis. Repeat analyses

will be indicated if the amount of drift impairs good peak resolution.
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Aleha Spcctroscopy Quality Control The reliability oa the alpha

pulse height analysis system must be checked periodically regardless

of the observed reliability. Day to day standards of Instrument olar-

ation are measured by obbervlng the before and ater runs of the

standards (see counting reference for details). The width and en-

ergy location of the standard and sample Isotope peaks base must

correspond. A drift of more than I percent at five Mev between the

two is cause for instrument repair.

In addition, a background spectrum must be taken at least once

per month (and more often If contaminatlon is suspected). The beck-

ground, taken In the region of 4. 0 to 6. Z Mev, must match the sam-

ple isotope peak bose, and shall not exceed five counts per hour.

Any excess Is reason for determination of the cause of the back-

ground and removal of the source.

The counting efficiency of the instrument is checked monthly by

counting a cailbrated three..peak alpha source containing Pu-Z3?,

A.o-Z41 and U-Z33. The source is counted in the energy region of

4. 5 to 5. 7 Mev.

The individual peak efficiency Is checked by Integrating the

peaks and comparing with the assigned Isotopic dpm values of the

source. A divergence of more than I percent from the assignfw val-

ues on subsequent efficiency checks is cause for further nvesUgatiom

and/or maintenance as neossary.

Z. 7 CALCULATIONS

Plutonium Isotopes: The results of the alpha pulse-height

analyses are presented on printed tape. A graphical plot of a typical

50

CONFIDENTIAL



spectrum is illustrated in Figure F.4. 1he Petry calibra-

tlion line was calculated frorm the pro-and post-counting eneagy

calibrations of the counting chamber. A summation was made of

counts under each Isotope peak present. These counts were cor-

rected for low energy tall, background, peak resolution, end instru-

ment drift. The plutonium content of the samole was calculated br.

Pu-Z39, Z40 (dpm) counts Pu-239, Z40 x dpm Pu-Z36

Counts Pu-Z36

Plutonium-Z39 and Pu-Z40 could not be calculated separately ea

their alpha energies were too close to resolve with a Frisch-Grid

Chamber.

The counting efficiency of each Frisch-Grld Chamber was

measured, using a Ngh precision alpha standard, end It was not

necessary to rslculate a yield separately to determine the plutontun content.

However, *e yield was always detetnined as a quality control meas-

ure In order to assess the efficiency of the chemistry procedure. The

yield was calculated by:

Pu-236 yield dpm Pu-236 recovered
dpm Pu-Z36 added x Pu-Z36 decay factor

Uranium: The results of the fluorimetric analyses are pre-

sented as milliamps on the Jarrell-Ash fluorlmeteL'. Milliamps are

converted to Pg U 3 08/total sample by:

UJ3 0 (0,g/ total sample)= (Ma sample - Ma bko.) x Cf
% yield x aliquot factor

where: Cf - calibration factor from std. callb. curve
5 yield - (Ma spike - Ma bkg.) xCf -(Ma sample -Ma bkci)x f

Pg U3 08 spike
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CHAPTER 3

DATA PRESENTATION

3.1 DISCUSSION

Tables E.1 through E.13 contain the plutonium end uranium data

for the Physical, Biological. and Quality Control Samples. Also

included ere counting time, yielo , and rework information. The

tables are a summation of all the bi-weekly reports plus new data

generated since the last bi-weekly report. New data era starred.

A key to the sample types precedes the tables.

3.2 BIOLOGICAL DATA

Tables E.5 through E.7 contain the plutonium and uranium data

for the Biological samples. Tables are listed by animal type. The

data are listed by tissue type and number. All plutonium values

are reported as dpm Pu-239, 240/total sample. All uranium values

are reported as Rg U3 08 total sample. A counting error in dpm

was assigned each Pu-239, 240 value and the data presented in

orders of magnitude. The error assignment as well a- the base

value is in torms of the given pcwer. Pertinent information relative

to the analysis appears in the remarks column. Zero or negative

values were included, accompanied by the counting error;, but never

was the positive numerical value of The latter less than the negative

value. In most instances, the statistical precision of the data meet

requirements set by the referee team. In general, most of the yields

exceeded 50%. A few samples with low yields were either reworked
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or counted for longer periods to assure good statistical accuracy.

Uranium data weoe derived from 10% aliquots and are listed opposite

the Pu-239, 240 value for a given sample.

The dog and sheep data are given for the Double Tracks or Clean Slawe

II events , the burro on Double Tracks only. Since exact animal loca-

tion was not available, no attempt was made to correlate laboratory

analytical data with field information. Comparisons were made

among tissue types, metabolism samples, animals, and events for

Pu and U content as follows:

(1) Dog Tissues: Most of the Pu was concentrated in the G.I.

Tract, lung, trachea, and nasal mucosa. On the average, the G.I.

Tract was a factor of approximately 102 greater than any of the other

three tissues. The activity in the four tissues ranged from (1 tol.63

x 104 dpm. The U concentration in most tissues was less then 1 i&g

per sample and showed little tendency to follow the Pu. For example,

the tissue with the highest U value, 2.88-g, in the lung of Animal

1020, contained only 3.36 dpm of Pu.

(2) Sheep Tissues: The Pu was found principally in the tra-

chea, G.I. Tract, Lung,and Nasal Mucosa. In general, where the

Pu was distributed among these tissues, it was divided fairly

equally. However, more of the lung samples contained appreciable

amounts of Pu. Activity values in tne sheep tissues mentioned

ranged frump. I toS.45 x 10 2 . Similarly to the dog samples. U con-

centration was usually less than I Rg and did not necessarily fol-

low the Pu. The tissues of three samples, 2050, 2052, 2127,

were the highest in uranium but low in plutonium.
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(3) Burro Tissues: Most of the Pu was concentrated in the

lungs but appreciable amounts were detected in some liver, hWlar

node, and G.I. tract samples. Also one bone, kidney, and tra-

chea showed appreciable Pu. The lung-to-liver ratio ranged from

near unity In a few samples to 55 in Sample 3043. Very few uran-

ium analyses were run on burro tissues. All were less than 1 !Lg.

(4) Metabolism samples : All the analyses in this category

were performed on sheep eliminations. Most of the metabolism

data showed high values relative to the animal tissues. The data

ranged from approximately 101 to104 dpm per sample. Neither

urine nor feces values necessarUy dominated the Pu content of

a given animal sample. Uranium analyses were not required of

metabolism samples.

(5) Arimals: The G.I. tract of the dog samples and burro

lungs dominated the Pu content of all an,•mal tissues. Uranium

data was too low, in most instances, to make a significant c'mpari-

son among animals. Average values for tissues containing the

largest amounts of Pu are given below in Table 3.1 in dpm per sample.

(6) Event: Only three sheep lung samples from Clean Slate n

contained appreciable amounts of Pu. All other large values were

in Double Tracks data.

3.3 PHYSICAL DATA

Tables E.1 through E.4 contain the plutonium and uranium data for

the physical samples. Tables are listed by event. The data are

listed by sample position in the test pattern with corresponding
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TABLE 3.1 ANIMAL TISSUES WITH GREATEST Pu CONTENr

Shee urroBone 2.0- x 10l

Kidney 
3.6 x 10 1

Liver 5.3 x 101

Lung 4.8 x 101 9.0 x 101 5.52 x 102

ililar Node 
5.b x 101*

Trachea 2.4 x 102* 2.2 x 101* 1.7 x 101*

G.I. Tract 2.7 x 103 2.4 x 102 3.2 x 10 1

Nasal Mucosa 9.8 x 101 1.6 x 102'

*Based on one or two analyses only. All other values average oi

several analyses.

TLW collection and analysis number. Pretest and offaite data ap-

pear at the end of each table. The statements concerning data re-

porting and counting precision under the previous section apply to

the physical data. Yields were rarely below 60% except for a few

samples with heavpy dirt. Uranium analyses were performed on

aliquots to 10% of the sample and are listed opposite their Pu-239,

240 counterparts. Pertinent information relative to the analysts is

footnoted. The ratio of Pu-239, 240 by radiochemical analysis to

the field monitor value is given in the lastp column. To be meaning-

ful, any radiochemical or field monitor value from 0-to-1 dpm/total

semple was arbitrarily assigned a l-dpm value for the ratio calcu-

lation. In such instances, the ratio was preceded with a computer

approximate sign (CA).

The field positions of physical samples were well documented

and an attempt was made to correlate some of the data by event as follows:
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(I) Doubletracks: In general.deposition contours determined

from radlochemical analyses of aluminum collectors and deposition

films agreed with those established by alpha field surveys. A mod-

orate amount of activity was detected, however, outside the contour

of the P and R arcs as far as Station 068 on the right side. The

Casella and Andersen disc numbers showed mixed results with regard

to their internal system. In some instances, the plutonium content

decreases progrossively with successive stages, but often the sec-

ond and third stages have values higher than the first. Uranium-to-

plutonium ratios were somewhat erratic and were higher than expected

The uranium content does not follow the plutonium in many cases,

particularly in values from far out arc locations. Radiochemical-to-

field monitor plutonium ratios were within a factor of unity in gen-

eral with deviation orders of magnitude in either direction for many

analyses. Particularly noticeable were the high ratios of some alum-

num collectors end deposition films,

(2) Clean Slate I: Deposition contours were determined from

deposition films and agreed in general with contours from alpha sur-

vey readings. Moderate activity appeared outside the contour on

Arc H as far as Stations 024 on the left and 038 on the right. The

Casella's and Andersen's showed most of the activity to be concen-

trated in the first impactor stage followed by a decrease of activity

with successive stages. Uranium-to-plutontum ratios were erratic,

but,in general, lower than those in the Double Tracks event. Radio-

chemical'to-ield monitor plutonium ratios were usually within a

factor of unity. A few exceptions were apparentbut orders of
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magnitude deviations were much less frequent than in Double Tracks.

(3) Clean Slate U: Deposition contours determined from Arcs

*B to L deposition films and aluminum collectors are consistent with

alpha survey readings. Deposition data from Arcs E and F showed

moderate activity outside the contour at utations 014 and 090,res-

pectively. Activity data from the Casella's and Andersen's resem-

bled that of the Clean Slate I event. Also uranium-to-plutonium

ratios were similar to those of Clean Slate I. Radiochemtcal-to-

field monitor plutonium ratios were similar to Clean Slate I.

(4) Clean Slate III: Deposition contours were determined

from Arcs B to L deposition films and were consistent with alpha

survey readings. Moderate activity appeared outside the con-

tour on Arc B as far as Station 100. The Casella and Andersen

data followed the pattern of Clean Slate I and II.

Uranium-to-plutonium ratios were similar to those of Clean

Slate I and II. Radiochemical-to-field monitor plutonium ratios

were consistent within a factor of five of unity, except in Arcs E to

L and some soil fractions, both of which contained values rang-

ing from 2 te 500.

3.4 MISCELLANEOUS DATA

Estimated Activity Expenditure: Table E.8 contains a

datd listing, by arc location, of estimated plutonium activity

losses of project 2.6C "A" samples. "A" samples refer to those

Casella's and Andersen's whose first and second stages were com-

bined for particulate analyses and later transferred to this projat

for radiochemical analysis. Therefore, to obtain abetter value for the
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"A" samples, each value in Table E.8 should be added to its counter-

part in Tables E.1 tu F.5.

Distilled Water Samples: Tables E.9 U'-rough E.11 contain the pluton-

turn and uranium data for the distilled water samples. Tables are lis-

ted by event and data by arc location. All Pu values are given as

dpm/total sample volume. In general, leach filtrate values decreased

with successive leaches except for the last leach which spanned a

greater time period. Particularly interesting, with rnspect to pluton-

ium solubility, are the high values for altquots in which Pu was ex-

tracted at neutral pH. The residues of five glass bottles in which

water samples were stored were found to corAin 1 to 22% of the activity

of the original contents.

Tracer Standardization: Table r.12lists the results of isotopic

dilution and exhaustive plating analyses of solutions containing Pu-

239 and/or Pu-236. Good acueement *,niong analyses is apparent

from the standard deviattin column.

3.5 CONTROL DATA

Biological: Table E.13 contains Roller Coaster plutonium quality

control data .isted by Rochester collectiors number with corre'spond-

Ing TLW analysts number. All the data are reported as dpm

Pu-239. 240/total sample. Also included are yield and counting

time ior each analysis. The samples were blanks or !,,iked sam-

ples, and the data indicate the latter since few show less than

99 dpm/total sample.

Table E.14 contains TLW internal plutonium and uranium qual-

ity control data listed by TLW analysis number and sample type.

All the data, excepting three Pu values, are near the detection

limits of the measuring instrument. The base values for the three
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excop;zons show less than I cpai and are noL considered significant.

Sim..lated blanks of beef liver and hamburger were analyzed, early

in the program, for plutonium content and found tc contain less

than 1 dpm. The data was not recorded since it provided little

useful information.

Physical: Table E.15 contains Roller Coaster plutonium control

data listed by arc location with corresponding TLW collection and

analysis number. All values are the results of investigation of

sample aliquoting by partial dissolution -extraction methods or

analyses of solutions forwarded by the Roller Coaswt: 4 ,:,7i;ree team.

All the data are reported as dpm Pu-239, 240/total sample for soil

samples and dpm/ml for solutions. Partial dissolution would ap-

pear to a valid procedure based on the small amounts of activity

left in the residue. The solution activity range from 0.01 to

4.64 x 103 dpm/ml.

Table E.16 contains TLW internal plutonium and uranium qual-

ity control data listed by TLW analysis number and sample type.

All the laboratory blanks were near the detection limits of the meas-

uring instrument. Analysis of a sample (previously analyzed in our

mass spectrometer) for Pu-239, 240 content, using our low and

high level Pu-236 standards, reconfirmed the Pu-Z36 standardiza-

tion values. Mass spec values are given for comparison in the

remarks column.

3.6 DATA SUMMATION

Biological: Table E.17 contains a tabulation of all the btologi-
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cal analyses. Data are listed by animal and tissue type. A total

of 744 plutonium and 87 uranium analyses had been performed at

the conclusion of the project.

Physical: Table E.18 contains a tabulation of all the physical

analyses. Data are listed by event and sample type. A total of

2607 plutonium and 598 uranium analyses had been performed at -

the conclusion of the project.
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CHAPTER 4

CONCLUSIONS AND LABORATORY RESULTS

4. I CONCLUSIONS

The conclusions on the data generated in 5. 2/5.3b projects are

limited to sample processing and surface inspection of the results,

since, in regard to the latter, it is the function of the evaluation

team to interpret the significance of the data. The following are

epplicable to our projects:

(1) All samples received for analysis have been inventoried

and accounted for.

(Z) Adequate procedures for sample processing and accurate

analysis were developed.

(3) Facilities and personnel were fully utilized to maintain

the desired production schedule.

(4) The requirements of the referee team were not unduly res-

trictive and have been met in most instances.

(5) Tracer techniques were employed and found to be highly

satisfactory.

(6) Most of the plutonium in the tissue biological samples

was concentrated in the G. I. Tracts of the dogs and lungs of the

burros. Metabolism samples from sheep eliminations ranged from

approximately 101 to 10 dpm per sample.

(7) Double Tracks animals showed higher Pu content than Clean
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$late 11 antmals. Only three sheep luag samples from Clean Sa U

contained apprectablo amounts of plutonium.

(8) Plutonium data of the physical samples is fairly consist-

ent with that of alpha field surveys and field monitor values with

some deviations noted.

(9) Uranium values are erratic in some instances and do aot

necessarily follow the plutonium values.

(10) Casella and Andersen samples are fairly consistent in

showing an activity decrease with successive stages. Deviations

are occasionally noted in the second and third stages where values

are higher than expected.

4.2 LABORATORY RESULTS

The results listed below pertain to our laboratory experiment

wit&h the biological and physical samples. Several improvements

were made and others are suggested.

(1) Biological samples were difficult to identify since fluids

from the animal had often obscured the writing on the paper-type

tag. The sample should be doubly wrapped in poly bags by sealing

the sample in one bag and covering with another. The outside bag

should then be labeled witi. a Dymo punch. The double bag would

also prevent samples from freezing together, necessitating complete

thawing before processing.

(Z) Many of the samples were heavy in iron content and a rap-

id method for removing this element was needed. Experiments with

a nitrated ion-exchange column resulted in a procedure superior to

hexone extraction in all phases.
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(3) The large biological samples usually required a lengthy

thawing period before they could be cut, even with an electric knife.

It is desirable to eliminate the thawing process entirely since It con-

sumes an analyst's time; a special heating setup is required, spread

of contamination is a risk, and overpowering odors develop. An elec-

trically heated knife is now on the market and all reports indicate it

would cut the frozen samples easily.

(4) The urine samples were collected on Kimpac which con-

tamed large amounts of dirt. The dirt seems to have an affinity for

the plutonium in the urine, and extraction procedures had to be em-

ployed to obtain a good yield. A method of collection to eliminate

the dirt would be desirable.

(5) Several samples had to be reworked to obtain better yields.

At first, all the tailings were scavenged for missing plutonium; how-

ever, experience showed 95% of this activity was always in the

aqueous discard of the first extraction. It i- not economically fcass-

ibie to spend time scrounging for the remaining 5%.

(6) The biological samples occupied relatively large amounts

of space and had to be kept in a frozen state over a long period of

time. An oversized, walk-in freezer, adequately lighted, is recom-

mended for easy access to samples and sequential handling.

(7) Fluorimetrlc analysis for uranium may be performed directly

on the dissolved sample. However, experience has shown quench-

ing occurs if the sample is not chemically pure. Three extractions

at the start, to remove interfering ions, is recommended.
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(8) Uranium, as plutonium, is lost during chemical processing

and should be yielded. Use of U-Z33 tracer, or analysisiin dupli-

cate with one part containing a spike of uranium standard 's sug-

gested. The latter was employed in this project.

(9) Acid dissolutions in large volume are extremely corrosive

to all types of metal hoods and exhaust systems. Even coating the

metal with an acid resistant paint is only a temporary cure. Several

other types of hoods and blowers have been investigated since the

start of the project, and a polypropylene system with an internal

scrubber appears to offer the best performance. Resistance to nor-

mal hot plate temperatures and all acids, including HCI0 4 , is touted

by vendors of these hoods and blowers. The ocrubber system is

needed to remove noxious acid fumes and to wash out potentially ex-

plosive collections of nitrate and perchlorate dust mixtures. A

movable safety shieId should be installed in each hood, wit, above

normal ventilation, to rcmovc the copious quantities of acid fumes

being generated.

(10) Near the midpoint of the project a computer program was de-

veloped to incorporate adu.tional information such as samples; yields,

counting times, etc. This method of reporting provided for rapid trans-

scription of new data to tabular form, reducing the delays of typing,

proofreading, and copying. It is recommended to institute the corn-

puter program at the start to save the typing elfort.

(11) The bonus benefit of the cupferron - CHCl3 portion of

partial dissolution procedures may be its application to water and

urineanalyse.s.The cupferron - CHCI 3 extraction process,primarily in-

dependent of sample pH, may be the best method for determining solu-

bla plutonium content of a water-algae-dirt solution.

64

CONFIDENTIAL



(1Z) The quality of the plated sample is extremely important to

the validity of the data. A plate which has a scum on it, is bent,

scordned, or scratched may distort the alpha spectrum to a pointwhere

the results are marginal. In addition to the radlochemical purification

techniques mentioned earlier, it was determined that good plate qual-

ity most often resulted from proper flaming. The plate should be thor-

oughly washed with triple distilled H 2 0 and flamed at high temperature

over a Fischer burner for two minutes and the process repeated once.

Flaming with methanol is not desirable~as it will sometimes produce

plates with a white scum.

(13) Dissolution of the biological samples as rapidly as pos-

sible is recommended since freezer failure is always a possibility.

Samples can be stored for purification at a later date.

(14) In future projects of this type, it might be expedient to

analyze biological samples in order of animal number and physi-

cal samples by arc location. This should reduce the nany man

hours that were expended in cross referencing animal numbers awid

arc locations with TLW field and analysis numbers.

(1S) Near the end of the project an opportunity arose to com-

pare plutonium spectra of platinum with stainless-steel--mounted

samples. Two hundred stainless steel plutonium mounts were

counted, using collmation and a plutonium standard mounted on

stainless. In generna, the stainless mounts showedwell defined

peaks but a broader base,indicating a loss of resolution. Also,

tne Pu-236 and Pu-239 alpha peaks of the stainless samples oc-

curred at a lower energy, showing a 3 to 7 channel shift downward

for each Isotope.
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(16) The final measurement in the radiochemtcal analysis

for Pu-23$.is taken irom the alpha spectrum of the electrodepost-

ted sample. The sample Pu-239 and Pu-238 activity must be

matched to the Pu-236 tracer to prevent interference between

peaks.

In tracer techniques for Pu-239 analysis, the accuracy of the

results are only as accurate as the standardization of the Pu-236

tracer. It is recommended that tne value of cpm per dpm per unit

volume of tracer be accurately and precisely determined, for the

detector zo be used In obtaining alpha spectra of the final sample

plates. It is also recommended that specifications be set up for

quality control and preventative maintenance procedures for the

detector and electronic equipment; and methods of spectra inter-

pretation. These should be rigidly designed to assure good resolu-

tion of che alpha puaks. Detector backgrounds should be rigidly

controfled at a predetermined level by frequent detector background

.uns and limiting the total amount of acttv.ty allowed in the de-

tector. Recounting or rework of the sample should be done, as

required, tQ adhere to the specifications.
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APPENDIX A
DETAILED WOCATION OF PHYSICAL

STATIONS

2'0" min

Section A-A

Concrete Wal I_ 27-0_ .

I' High• i

Center Line of Steel Arch

2

Section A-A
I.L 38' 4"

3 e Hig j 6' 0" red

Je\ L, o.of j00 Steel Arch

0 4 8 12 16

SCALE FlEE

Figure A.1 Clean Slate igloos.
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Z2.500 a

0 Total Air Samplers 34a

A Ceacade Impactors 25j

ft Sticky Plates - 40

Figure A.2 Fixed st'rface instrument array (-2,000 to + 2,500 feet).
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50,000/

Wvent Array Extent K
DT (Open) 50.000' 35.,00 Repeat inCS1 (o•.n) 35.000o , -ternat.
CS2 (2'Covvr) 17,500' / \Lafnes toI Cs3 (8'Cover) 17.500' 00 2,500'

20 .000/
7.5oo0

13,00
11.5

10.00

72500 ~5o , 60, !'N \II

For Details See / /e /Figure 1.2 I
"-/'"I ' I

Notes: a ~ ~
1. a Sgrvey on all Lanes,.t

3/4 Intervals (Dash Lane /a Only) 
/ .

2. Soil Samples to be Taken at /10% Density of Desposition /
S amp Isc

Instrumentation:

O 32 Cascade Impactors 
0 Q 000

* 44 Total Air Sampler\ 
4oa 4,0004 540 Sticky Plates at 1 1.20 Intervals SCALE FEET

Figure A.3 Fixed surface instrument array (+ 2,500 to + 50,000 feet).
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8i

aa
e Ct
'U.'

04

o \ /

\ / /

-

Event Array Exten %M Total Instrumentation:
DT (Open) 50,000' e . Total Air Samplers - 99
CSi (open) 35,000,
CS2 (2'Cover) 17,500' 02 A Casella W II Cascade
CS3 (B'Cover) 17,500' Impactors - 90

o Other Impactorw - 90

Note,

Samplers at 1 1/20 SpacIrg
on all Lames Shamu

Figure A.4 Movable surface Instrument array (+ 2,500 to + 50,000 feet).
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for 3T only I /
/

\ /
\ /

\ /
\ /

K / 0

Notes:
No,.,; .,

1. Balloon Positions 
. ,

Items ~ -

Figure A,5 Movable bafloon-supported instrmment array.
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D(X5LK %RCK

700'

1000'
CURTAIN CONTAINS 0
10 BALLOONS AT 3
INTERVALS

A CASCADE IMPA.TORS - 2 3S0'

SSTICKY CYLINDERS every
50 feet

SCALE: FEET

100 0 100 200

'Figure A.8 Details of balloon curtain at 50,000-foct radius.
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APPENDIX B
RADIOBIOLOGICAL, RADIOCHEMICAL, ANDPH-YSIOCHEMICAL PROCEDURES FOR pU21 3 ,
PU2 14 , AND URANIUM IN VARIOUS SAMPLES

Pu-.39 DISSOLUTION PROCEDURE 
CASELLA

IMPACTOR DISC-
1. Place Casella impactor glass disc in an appropriate size teflon beaker (Note a).

a. If the sample monitors (4000 alpha cpmn add Pu-Z36 tracer aliquot
before adding sample. If >4000 alpha-cpm, the dissolution is
done tracer free, the solution diluted to an accurate volume to
obtain a final acidity of 6NHNO 3 , a small aliquot is pipetted into a
40rnl centrifuge cone, and an appropriate amnount of tracer is added.

2. Add enough fuming HNO 3 to wet all of the sample. Heat on a hot plate

until the sample has dissolved.

3. Remove from hot plate and add about 6 ml 78 percent HC10 4 for every
100 ml fuming HNO 3 added in step Z. Heat on hot plate until exothermic
reaction begins. Remove beaker from hot plate and allow reaction to
proceed, controlling it by the addition of Ito 10 ml portions of fuming HN0 3,
pouring acid cartfully down wall of beaker 1note b).

b. At times the reaction ceases and the solution turns black. This is
caused by the supply of fuming HNO 3 becoming exhausted and is

remedied by addition of more acid.
4. Remove the glass disc with teflon forceps and rinse with IN H4NO 3-

IN1-F adding washings to teflon beaker (note c).
c. If a white residue remains on the disc, rinse twice more with the

IN 74NO03 -IN HF solution adding washings to teflon beaker. If the

sample does not contain any insoluble material at this point omit

steps 5 through 8.

5. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to
bake dry at any time during the procedure. If sample contains appreciable
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Pu-239 DISSOLUTION PROCEDURE CASELLA (2)

IMPACTOR DISC*

amounts of dirt, repeat HF treatment at least once.

6. Add 4 mi saturated H 3 0O 3 and boil for 3 minutes.

7. If residue remains, wash with portion@ of warm 6N HNO 3 until it dissolves.

8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO 3 washes and repeat steps 5, 6,and 7.

9. Transfer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu-Z39 Purification Procedure.

* If uranium analysis is required, transfer the sample, after dissolution,
into an appropriate volumetric flask and dilute carefully to the mark with
H 2 0. Pipet an appropriate aliquot into a centrifuge cone and save for
uranium analysis. Evaporate the remainder of the volumetric solution to
low volume, transfer to a 40-ml centrifuge cone, and proceed with step I
Pu-Z39 Purification Procedure.

UI
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Pu-Z39 DISSOLUTION PROCEDURE AIR

FILTER*

1. Place the sample or aliquot in a suitably sized pyrex beaker (note a)

or teflon beaker if sample is small.

a. If the sample monitors < 4000 alpha cpm, add Pu-23 6 tracer

aliquot before adding sample. If )4000 alpha cpm, the dis-

solution is done tracer free, the solution diluted to an accurate

volume to obtain a final acidity of 6N HNO3 a small aliquot is

pipetted into a 40 ml centrifuge cone. and an appropriate amount

of tracer is added.

2. Add enough fuming HNO3 to wet all of the sample. Heat on a hot plate

until the sample has dissolved.

3. Remove and add about 10 ml 78 percent HC1O4 for every 100 ml fuming

HNO 3 added in step 2. Heat on hot plate until an exothermic reaction

begins. Remove beaker from hot plate and allow reaction to proceed,

controlling it by the addition of I to 10 ml portions of fuming HNO 3 # pouring

acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This

is caused by the supply of fuming HNO 3 becoming exhausted and

is remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note c) by means

of a transfer pipet. Wash the beaker with several 6N HNO 3 washes,

scrubbing the sides and bottom with a polyethylene policeman. Perform

at least two washes with 3-ml aliquots of IN HNO 3 - IN HF.

6. If started in teflon, omit step 4 but add a few ml HNOy3 if the

sample does not contain any insoluble numterial at this point,

omit steps 5 through 8.

5. Add 10 m. HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. If sample contains appreciable

amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H 3 BO 3 and 8 rnl HNO 3 and boil for 3 minutes.

7. If residue remains, wash with portions of warm 6N HNO 3 until it dissolves.
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Pu-239 DISSOLUTION PROCEDURE AIR (2)

FILTER

8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO3 washes and repeat steps 5. 6, and 7.

9. Transfer the solution to a 40-ml centrifuge cone and proceed with step I

Pu-239 Purification Procedure.

I .f uranium analysis is required, transfer the sample, after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with H2 0.

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analysis.
Evaporate the remainder of the volumetric solution to ;ow volume, transfer to a

40-ml centrifuge cone, and proceed with step I Pu-Z39 Purification Procedure.

U
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Pu-2)9 DISSOLUTION PIROCEDURE ANDERSEN

SAMPLER DISC*

1. Place Andersen sampler glass ;hsc in an appropriate size teflon b-aker

(Note a).

a. If the sample monitors <4000 alpha cpm. add Pu-Z39 tracer aliquot

before adding sample. If >4000 alpha cpm. the dissolution ao done

tracer free, the solution diluted to an accurate volume to obtain

a final acidity of 6N H1NO3, a small aliquot is pipetted into a 40-ml

centrifuge cone, and an appropriate amount of tracer is added.

2. Add enough fuminj 4O to wet all of the sample. Heat on a hot plate

until the sample has dissolved.

3. Remove from hot plate and add about 6 ml 78 percent HCIO 4 for every

100-ml fuming HNO 3 added in step 2. Heat on hot plate until exothermic

reaction begins. Remove beaker from hot plate and allow reaction to

proceed, controlling it by the addition of 1 to 10 ml portion* of fuming HNO 3 ,

pouring acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This is

caused by the supply of fuming HNO 3 becoming exhausted and is

remedied by addition of more acid.

4, Remove the glass disc with teflon forcepr and rinse with IN HNO 3 -

IN HF adding washings to teflon beaker (note c).

c. if a white residue remains on the disc, rinse twice more with the

IN HNO3 - IN HF solution adding washings to teflon beaker. If the

sample does not contain any insoluble material at this point omit

steps 5 through 8.

5. Add 10-ml HF and evaporate to wet dryness. Do mot allow sample to

bake dry at any time dur-ng the procedure. If sample contains appreciaLle

amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H 3 BO 3 and 8 ml HNO 3 and boil for three minutes.

7. if residue remains, wash with portions of warm Aqua Regia until it dissolves.
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Pu-23Q DTSSCLUCN PROC EDURE. ANDERSIN (Z

SAM PLER Disco

4. Transfer any undissolved residue to the teflon beaker quantitatively with

HNO3 washes and repeat steps 5, 6, and 7.

9. Transfer the solution to a 40 ml contifuge cone end proceed with stop &I

P,-Z39 P'JRITICATZON PROCEDURL.

SIf uranium analysis is required, transfer the sample, after dissolutIon, Into
an appropriate volumetric flask and dilute carefully to the mark with H 0* Pzp.t
an appropriate aliquot Into a centrifuge cone andi save for uranium anafiys. Evap-
orate the remainder of the vo)lumetrir solution to low volume, ti-ensfer to a 40-ml
centrifuge cone, and proceed with step 1 Pu-Z39 PURIi'CA0TION PROCEDURE.
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Pu-239 DISSOLUTION PROCEDURE TOTAL AIP

SAMPL.Ei-

1. .- Place the sample or aliquot in a suitably sized pyrex beaker (note a)

or teflon beaker if sample is small.

a. If the sample monitors <.4000 alpha cpm, add Pu-236 tracer ali-

quot before adding sample. If >4000 alpha cprm. the dissolution

is done tracer free, the solution diluted to an accurate ulume to

obtain a final acidity of 6N HN0 3 a small aliquot is pipetted into

a 4G-ml centrifuge cone, and an appropriate amount of tracer is

added.

Z. Add 1/3 volume fuming HNO 3 , boil to dryness, and char. Repeat until

only small amount of carbon is left (the sample will dissolve but not de-

compose in fuming -N0 3 ).

3. Remove from hot plate and add about 6 ml 78 percent HCOd4 for every

100-ml fuming HNO3 added in step Z. Heat on hot plate until exothermnic

reaction begins. Remove beaker from hot plate and ailow reaction to

proceed, controlling it by the addition of Ito 10 ml portions of fuming

HNO 3, pouring acid carefully down wall of beaker (note b1 .

b. At times the reaction ceases and the solution turns black. This

is caused by the supply of fuming HNO 3 bwcmansg exhausted and

is remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note 0) by means

of a transfer pipet. Wash the beaker with several 6, HNO washes, scrub-

bing the sides and bottom with a polyethylene poLice man.. Perform at

least two washes with 3-ml aliquots of 1,.N HNO 3 - IN HF

c. If started in teflon, omit step 4 but add a few ml 1-103- If the

sample does not contain %ny insoluble material at this point, omit

steps 5 through 8.
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Pu-Z39 Dissol.tion Procedure Total Air (2)
Sampler

S. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to

bake dey ,%t any time during the procedure. If sample contains appreciable

amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H3BO3 and 8 ml HNO3 and boil for 3 minutes.

7. If residue remains, wash with portion% of -varm6N -LNr0 3 until it dissolves.

8. Transfer any undissolved residue to the teflon beaker quar.ýitatively

with HN0 3 washes and repeat steps 5. 6, and 7.

9. Transfer the solution to a 40.ml centrifuge cone and proceed with stop

I Pu-Z39 Purification Procedure.

* If uranium analysis is required, transfer the sample. after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with H2 0.

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analysis.

Evaporate the remainder of the volumetric solution to low volume. transfer to a
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Pu-239 DISSOLUTION PROCEDURE TOTAL AIR DISPOSABLE

SAMPL•R •

1. Place the sample or aliquot in a suitably sized pyrex beaker (note a)
or teflon beaker if sample is small.

a. If the sample monitors - 4000 a•pha cpm. add Pu-236 tracer
aliquot before adding sample. If >4000 alpha cpm, the dis-
solution is done tracer free, the solution diluted to an accurate
volume to obtain a final acidity of 6 N HNO3 a small aliquot is
pipetted into a 40-rl centrifuge cone, and an appropriate amounf

of tracer is added.
2. Add 1/3 volume fuming iANO 3 . Boil on a hot plate to dryness and.char.

Repeat once and take up in 1/3 volume fuming HNO.

3. Remove from hot plate and add about 10 ml 78 percent HC1O 4 for
every 100 ml fuming HNO 3 . Heat on hot plate until an exothermic
reaction begins. Remove beaker from hot plate and aUow re,.'icn
to proceed, controlling it by the addition of 1 to 10 ml portions of
fiunig HNOS3 , pouring acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns bla.-k.
This is caused by the supply of fuming HNO3 becoming
exhausted and can be remedied by addition of more acid.

4. After the reaction has subsided, add 5 ml HZSo 4 and 10 ml HNO 3 .
Boil to we-t ---.--- W - - ... .. mI . _" n .... &...- 4Pe ai n 10t ,v l ~u rniA n g ft• V

Repeat the evaporation and take up with another 10 ml of fuming
HNO 3 . Boil solution to approximately 5 ml (note c).

c. If insoluble sulfates are present transfer solution to a
centrifuge cone and centrifuge. Save the bupernate and wash
the residue with 6N HCl. Add the washings to the supernate.
Discard the residue.

5. Transfer the contents of the beaker to a teflon beaker (fots d) by
means of a transfer pipet. Wash the beaker with several 6N HNOO3
washes, scrubbing the sides and bottom with a poly-thyleue policeman.
Perform at least two washes with 3 ml alAquots of I N -IO3 - IN- HF.
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Pu-Z39 DISSOLUTION PROCEDURE TOTAL AIR DISPOSABLL jZ
SAMPLEP. R

d. If started in teflon, omit step 5 but add a few ml H-On3 .

If the sample does not contain anf insoluble material at

this point, omit steps 6 through 9.

6. Add 10 ml HF and evaporate to wet dryness. Do not allow sample

to bake dry at any time during the procedure. If sample contains

appreciable amounts of dirt, repeat HF treatment at least once.

7. Add 4 rml saturated H 3 BO 3 and 8 ml HNO3 and boil for 3 maintes.

8. If residue remains, wash with portions of warm 6N HNO-O3 UM it

dissolves.

9. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO 3 washes and repeat steps 6, 7, and 8.

10. Transfer the solution to a 40-ml centrifuge cone and proceed with

step 1 ?u-Z39 Purification Procedure.

* If uranium analysis is required, transfer the sample, after dissolat•.oa,

into an appropriate volumetric flask and dilute carefully to the zmark with

H2 0. Pipet an L.ppropriate aliquot into a centrifuge cone and save for

uraciuzn analysis. Evaporate the remainder of the volumetric solution to

low volume, transfer to a 40n-ml centrifuge cone, and proceed with step I

Pu.,39 Purification Procedure.
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Pu- 2397 DISSOLUTION PROCEDURE SEQUENTIA L
AIR SAMPLZR *

1. Place the sampleeor aliquot in a suitably sized pyrex beaker (note a)

or teflon beaker if sample is small,

0. If the sample monitors < 4000 alpha cpm.add Pu-236 tracer aliquot

before adding sample. if >4000 alpha cpm. the disgolution is

done tracer free, the solution diluted to an accurate volume to

obtain a final acidity of 6N HNO 3 a small aliquot is pipetted into a

40-ml centrifuge cone, and an appropriate amount of tracer is

added.

2. Add enough fuming HNO 3 to wet all of the sample. Heat on a hot plate

until the sample has dissolved.

3. Remove from hot plate and add about 6 ml 78 per cent HCIO 4 for every

100 ml fuming HNO 3 added in step Z. Heat on hot plate until exothermic

reaction begins. Remove beaker from hot plate and allow reaction to

proceed, controlling it by the addition of I to 10 ml portions of fummg HNO3 ,

pouring acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This is

caused.--- by the .....- o,-f fun-ing 1.MOA becoming exhsted and i

remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note c) by means

of a transfer pipet. Wash the beaker with several6N HNO 3 washes, scrubbing

the sides and bottom with a polyethylene policeman. Perform at least

two washes with 3 ml aliquots of IN HNO 3 - IN Hr,.

c. If started in teflon, omit step 4 but add a few ml HNO 3 . If the sample

does not contain any insoluble material at this point, omit steps S

through 8.

5. Add 10-ml HF and evaporate to wet dryness. Do not allow sample to

bake dry at aay time during the procedure. If sample contains appreciable
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Pu-239 DISSOLUTION PROCEDURE SEQUENTIAL (2)
Aft SAMPLER

amounts of dirt, repeat HF treatment at least o nce.

6. Add 4 ml maturated H 3BO 3 and 8 ml HNO 3 and boil for 3 minut-!s.

7. If residue remains, wash with portions of warm 6N HNO 3 until it

dissolves,

8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO3 washes and repeat steps 5, 6,and 7.

9. Transfer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu-239 Purification Procedure.

*If uranium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H 2 0.
Pipet an appropriate aliquot into a centrifuge cone and save for urarziam analysis.
Evaporate the remainder of the volumetric solution to low volume, transfer to a
40-ml centrifuge cone, and proceed with step I Pu-Z39 Purification Procedure.

**The sequential tape is cut into equal sections. In order to monitor the various
sections, unroll the tape carefully and pass the exposed side under a sensitive
lab detector. Record on the chemical processing form* activity levels and/or
physical spots on the tape. Cut the tape into appropriate sections.
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FILM
Pu-239 DISSOLUTION PROCEDURE DEPOSITION

1. Place the sample or aliquot in a suitably sized pyrex beaker (note a) or

teflon beaker if sample is small.

a. If the sample monitors <4000 alpha cpm. add Pu-236 tracer ali-

quot before adding sample. If >4000 alpha cpm, the dissolution

is done tracer free, the solution diluted to an accurate volume to

obtain a final acidity of 6N HNO 3Y a small aliquot is pipeated into

a 40-ml centrifuge cone and an appropriate amount of tracer added.

2. Add 3 ml CH OH. ignite, and cover b-.ker with a speedy yap. After burn-3

ing is '.ompleted, cover residue with fuming HNO 3 and boil to wet dryness.

Repeat the fuming HNO 3 - evaporation step. Take up in approximately

1/4 volume fuming HNO
3

3. Remove and add about 10 ml 78 percent HCIO4 for every 100 ml fuming

HNO 3 added in step 2. Heat on hot plate until an exothermic reaction be-

gins. Remove beaker from hot plate and allow reaction to proceed, con-

trolling it by the addition of i to 10 ml portions of fuming HNO 3 , pouring

acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This is

caused by the supply of fuming HNO 3 becoming exhausted and is

remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note c) by means

of a transfer pipet. Wash the beaker with sevoral.6N HNO 3 washes, scrub-

bing the sides and bottom with a polyethylene policeman. Perform at

least two washes with 3 ml aliquots of iN HNO 3 - IN HF and heat on hot

plate.

c. If Ptarted ini teflon, omit step 4 but add a few mnl HNO * sample
* 3

does not contain any insoluble material at this point, omit steps

5 through 8.
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FILM
Pu-239 DISSOLUTION PROCEDURE DEPC1-.1O( (:'

COLLCTOR

5. Add 10 ml HF and evaporate to wet dryness. Do not allow sample to

bake dry at any time during the procedure. U sample contains appreciable

amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H 3 BO 3 and 8 ml HNO 3 and 6oil for 3 minutes.

7. If residue remains, wash with portions of warm 6N HNO 3 until it

dissolves.

8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO 3 washes and repeat steps 5, 6 and 7.

9. Transfer the solution to a 40-ml centrifuge cone and proceed with step

1 Pu-Z 3 9 Putification Procedure.

* if uranium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H 2 0.
Pipet an appropriate aliquot into a centrifuge cone and save for uranium inalysis.
Evaporate the remainder of the volumetric solution to low volume, transfer
to a 40-ml centrifuge cone, and proceed with step 1 Pu-239 Purification Procedure
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Pu-239 CHEMICAL PROCEDURE LIQUID

WA'ZER *

A-Filtered Aliquot

1. *4Determine the pH of the sample with a Beckman pH meter.

2. Pipet a 25-nl aliquot of the clear liquid onto a millipore filter and

allow the solution to drain thoroughly into an appropriate container.

Do not wash the filter.

3. Pipet I ml of the filtrate into a 40-nl centrifuge cone and save, for

the determination of uranium.

4. Add an appropriate amount of tracer to remaining filtrate.

5. Add 10 ml 11NO 3 and 1 ml HC10 4 and boii to HClO4 fumes. Cool and

transfer to a 40-rnl tube. Proceed with stop I of Pu-239 Purification

Procedure.

B-Ex.,acted Aliquot

1. Stir the sample and pipet a representative Z5-rnl aliquot into a 16-oure

plastic bottle. Adjust the pH slightly with NH 4OH to offset the acidity

(6N ) of the tracer in the next step.

24. Add an appropriate amount of tracer to the sample aliqutzt.

3. Proceed with step I of Extraction. Procedure using 5 ml neutralized

NH OH" HC1 and 25 ml CHC1 3 portions for extractions,

C-Total Sample

1. Pour samnple into a large teflon beaker and wash the container with

H O adding washing to the beaker. Add an appropriate a&ount of

tracer.
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Pu-239 CHEMICAL PROCEIDURE LIQUID -

WATER

2. Boil to low volume and add 150 ml fuming HNO 3 and 25 ml HCIO4 o

BoirkVo HC104 fumes.

3. Add 50 ml fuming HNO 3 and 10 ml HF. Boil to low volume and add

Ito 2 ml sat. H 3 BO3 and 10 ml HNO 3. Boil to approximately 5 ml and

transfer to 40-ml centrifuge cone. Proceed to step 1 of Pu- 2 39

Purification Procedure.

D-Glass Bottle Decontamination

1. Rinse the container from Part C, above, three times with hot Aqua

Regia and pour the washing into a large teflon beaker'.

Z. Rinse the battle with IN HNO3 - IN HF adding the rinse to the Aqua

Regia wastes. Rinsewith HzO and add washes Lo beaker.

3. Add an appropriate amount of tracer, then proceed with step 2, part C

above.

E-Millipore Filte:-

1. Remove the millipore filter from Part A above, or Part G below, care-

fully with forceps and place in a small teflon beaker. Add an appropriate

amount of tracer.

2. Add 75 ml of fumning HNO3 and 15 ml HCIO . Boil to HClO4 fumes and

proceed with step 3. Part C above.

F-Centriiuge Supernate

1. Stir the sample and pipet approxim3ately 25 ml into a 40-ml centrifuge cone.
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Fu-P'39 CHEMICAL PROCFDURE LIQ L,:D

WATE-1

Centrifuge and pipet I ml of the supernate onto a labelled stainless

steel disc and evaporate to dryness under a heat lamp.

3. Place in metal container and submit for Z' Tcounting.

G-Leached Supernate

I. Stir the sample and quickly pipet a Z5-mrl aliquot onto a millipore

filter and allow the supernate to drain thoroughly into an appropriate

container.

2. Remove the filter with forceps, place in a beaker containing a meas-

ured volume of 0. IN HCI. Stir intermittently for a measured period

and pour the solution onto a fresh filter and catch the filtrate in another

container.

3. Repeat step Z combining filters for measured periods up to 48 hours.

4. Pipet a Z50 A aliquot from each filtrate fraction onto a labelled stainless

steel disc and evaporate to dryness under a heat lamp.

5. Place in a metal container and submit for Z"'lcounting.

6. Pipet a I-cnl aliquot, from selected filtrate fractions, into a 40-mnl

centrifuge cone and save for uranium analysis.

*If uraniumn analysis is required, transfer the sample, after dissolution,
into an appropriate volumetric flask and dilute carefully to the mark with
14,O. Pipet an appropriate aliquot into a centrifuge cone and save for
uianium analysis. Evaporate the remainder of the volumetric solution to
low volume, transfer to a 40-ml centrifuge cone and-poceed with step I
Pu-239 Purificatioa Procedure.
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A LUMINUM
Pu-Z3' DISSOLUTION PROCEDURE ( z•5 001.1

- -GOLLkG•OR *

1. Add sample to a suitably sized teflon beaker (note a). Add 30 ml HF and

10 ml IH-N0 3 . After initial exothermic reaction has ceased, 'oil to dryness

(or until spattering starts).

4. If the sample monitozn < 4000 alpha cpm, add PuZ36 tracer aliquot

before adding sample. If >4000 alpha cpm, the dissolution is

done tracer free, the solution diluted to an accurate volume to

obtain a final acidity of 6NHNO 3 a small aliquot is pipetted into a -

40-m• centrifuge cone, and an appropriate amount of tracer is

added.

2. Repeat HF treatment until no change in the sample crud is perceived.

3. Add 30 ml HCIO 4 , 10 ml HNO 3 , and 10 ml HF. Boil to strong fumes

of HCIO 4 . Remove from hot plate and cool.

4. Rinse down the sides of the beaker with 6NHNO 3 , add 3 ml H3 BO 3 and boil

to low volume. Take up in 6NHNO 3 and heat gently.

5. If a residue is still present, centrifuge, add ZO-ml portions of

6NHNO 3 to residue and warm. (Watch for bumpingi) Combine

washings and supernate if all residue ha* dissolvcd (note b).

b. A residue which persists will sometimes dissolve witlh repeateu

Hot Aqua Regia treatment (maxirnun 3). If this treatment fails,

put sample into a flask and add 1/3 volume fuming HN0 3 . Add

H 2 0 and shake vigorously, vent'ng flask periodically.

6. If residue still remains, centrifuge, and repeat steps 2 through 5 on

t1, -residue (note c).

C. A trace of hard silica final remains for some samples. The amount

of activity associated with this residue was found to be insignific•nt.
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Pu-239 DISSOLUTION PIROCEDURE ALUMINUM ( "-S gins soij)(2)

COLLECTOR*

7, Tranmfer the sol.Ation from step 5 to a centrifuge cone and proceed with step

I of Pu-Z39 PURIW'ICATION PROCEDURE.

* .7ra1;1urn analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to Cie mark with H..O.
Pipet -,n a' ~op-e,•iate aliquot into a centrifuge cone and save for uraniurfi analy-
sis. Evapocate the remainder of the volumetric solution to low volu.ne, trans-
ge:c to a 40-rml cientrituge cone, and proceed with step I Pu-Z39 PURIFICATION
PROCEDURE.
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Pu-23q DISSOLUTICN PRCEDURE ALUMTN.i.. __.

COLLECTICaO

1, Add sample to a suitably sized teflon beaker. Rinse container with IN

HNO 3 - HF and add to sample (note a.) Add 20 ml HF for each 5 grais of soil.

After initial exothermic reaction has ceased, boll to a'tyness (or until spatter-

ing starts).

a. If the sample monitors <4000 alpha cpm, add Pu-236 tracer all-

quot before adding sample. If >4000 alph cpm, the dissolution

is done tracer free, the soluti,ýn diluted to an accurate volume to

obtain a final acidity of 6N HNO 3 , a small aliquot is pipetted in-

to a 40 ml centrifuge cone, and an appropriate amount of tracer is

added.

2. Repeat HF treatment until no change in the sample crud is perceived.

3. Add 30 ml HCIO4, 10 ml HNO 3 , and 10 ml HF. Boil to strong fumes of

HCIO . Remove from hot plate and cool.

4. Rinse down the wall of the beaker with 6N HNO3 and Sat. H 3BO3 and boil

to low volume. Take up with 50 ml HCl and boil with repeated additions until

HNO 3 is gone 'note b).

b. Avoid low volumeas excessive foaming and swelling will occur.

5. Cool and transfer the solution to a poly bottle (250 to 500 ml depending ou the

sample size) and proceed with st.ep 1 Pu-Z39 EXTRACTION PROCEDUF.M.

* If uranium is required, withdraw a representative aliquot after dissolution and
spike it with a known amount of standardized uranium (duplicate the extraction
procedure with this aliquot). 7I'ansfer the remaining sample into a volumetric flask
after extraction, and dilute to merk with H 2 0. Pipet an appropriate aliquot into a
centrifuge cone and save for urawnum analysis. Evaporate the remainder of the
volumetric solution to low volume, transfer to a 40-ml centrifuge cone, and pro-
ceed with step 1 Pu-239 PURIFICATION PROCEDURE.
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Pu-.239 DISSOLUTION PROCEDURE VEGETATION

SAMPLES *

1. Remove the sample from its polyethylene bag and place in a 600 to 800-

ml beaker. Rinse the plastic bag with H-NO 3 and add the washings

to the beaker.

2. Pipet an appropriate amount of Pu-236 tracer and add enough HNO 3

to cover the sampico Heat gently and boil the solution to a small

volum'ne.

3. Cool the solution and add 50 ml fuming nitric and 50 ml H1O04 .

Heat, gently until the vigorous exothermic HCO4 reaction starts.

Remove the beaker from the hot plate and allow the reaction to go

to cormapletion.

4. Fume the solution to a small olurne and transfer to a centrifuge

cone.

5. Centrifuge and decant the supernate into the dissolution bea.er.

Leach and dccant the residual sand several times with hot HNO 3 .

Centrifuge each leach, combining superrates (note a). **

a. Save the residue for extraction of retsidiigl pLItn,_, .,

the event of a low sam.-!., yield.
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Pu-239 DISSOLUTION PROCEDURE VEGETATION (2)

SAMPLES'

6. Evaporate the combined supernates to a small volume and continue

with step 1. Pu-239 PURIFICATION PROCEDURE (note b).

b. If heavy insoluble aalts occur after evaporation proceed

with step I Pu-239 EXTRACTION PROCEDURE *.

111 uranium analysis is required, transfer the sample, after dissolution
into an appropriate volumetric flask~and dilute carefully to the mark with
HO. Pipet an appropriate aliquot into a centrifuge cone and save for
uranium analysis. Evaporate the remainder of the volumetric solution
to low volume, transfer to a 40-ml centrifuge cone, and proceed with step
I Pu-239 Purification Procedure.

* If uranium is required, withdraw a representative aliquot after dissolution
and spike it with a known amount of st;.ndardized uranium (duplicate the
extraction procedure with aliquot). Transfer the remaining sample into a
volumetric fLask after extraction, and dilute to mark with H 2 C'. Pipet an
appropriate aliquot into a centrifuge cone and save for uranium analysis.
Evaporate the remainder of the volumetric solution to low volume, transfer
to a 40.ml centrifuge cone, and proceed with step 1 Pu-2 39 PURIFICATION
PROCEDURE.

96

CONFIDENTIAL



Pu-239 DISSOLUTION PROCEDURE SOIL( 4S lms)
S•AMP LZS

I. Add sample to a suitably sized tellon beaker (note a). Add 30 ml HF and

10 ml HNOyV After initial exothermic reaction has ceased, boil to dryness

(or until spattering starts).

a. If the sample monitors < 4000 alpha cpm, add Pu236 tracer aliquot

before adding sample. If > 4000 alpha c.pm, the dissolution it

done tracer free, the solution diluted to an accurate volume to

obtain a final acidity of 6NHNO 3 a wmall aliquot is pipetted into a

40-mil centrifuge cone. and an appropriate ariount of trace. is

added.

2. Repeat HF treatment until no change in the sample crud is perceived.

3. Add 30 ml HCIO4, 10 ml HNO 3 , and 10 nil HF. Boil to strong fumes

of HCIO4 . Remove from hot plate and cool.

4. Rinse down the sides of the beaker with 6N HNO 3 , add 3 ml H 3 so 3 and boil

to low volume. Take up in 6N HNO 3 and heat gently.

5. If a residue is still present, centrifuge, add ZO-ml portions of

6NHNO 3 to residue and warm. (Watch for bumping!) Combine

washings and supernate if all residue has dissolved (note b).

b. A reciduc which piroists will somaetircst* %dAiiulv*s. with repeakid

hot Aqua Regia treatment (maximum 3). If this treatment fails.

put sample into a flask and add 1/3 volume fuming HNO 3 . Add

H 2 0 and shake vigorously, venting flask periodically.

6. If residue still remains, centrifuge, and .repeat.steps 2 through 5 on

the residue (note c).

C. A trace of hard silica final remains for some.samples. The amount

of activity associated with this residue was found to be insignificant.
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Pu-239 DISSOLUTION PROCEDURE SOIL (< 5 grn) (Z)

""SAMP L=S

7. Transfer the solution from step 5 to a centrifuge cone and proceed with

step I ofPu-Z39 PUIIFICATION PROCEDURE.

*If uranium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flaak and dilute carefully to the mark with HO.

Pipet an appropriate aliquot into a centrifuge cone and save for uranium analy-
sO. Evaporate the remainder of the volumetric solution to low volume, trans-
fer to a 40-ml centrifuge cone, and proceed with step 1 Pu-Z39 PURiIFICATION
PROCEDURE.
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Pu-239 DISSOLUTION PROgEDURE SQOl ..
SAMPLES*

1. Add sample to a suitably sized tr:ion beaker. Rinse container with IN

1HN0 3 - HF and add to sample (note a.). Add ZO ml HF-HNO 3 for eacn

5 gins of soil. After initial exothermic reaction has ceasied, boil to cr-/-

ness (or until spattering starts).

a. If the sample monitors <4000 alpha cpm, add Pu-Z36 tracer

aliquot before adding sample. If >4000 alpha cpm, the dis-

solution is done tracer free, the solution diluted to an accur-

ate volume to obtain a final acidity of 6N HNO a small all-

quoM is pipetted into a 40-ml centrifuge cone, and an appropri-

ate amount of tracer is added.

Z. Repeat HF treatment until no change in the sample crud is perceived.

3. Add 30 ml HCI0 10 ml HNO 3 , and 10 ml HF. Boil to strong fumes of

HCIO4 . Remove from hot plate and cool.

4. Rinse down the sides of the beaker with 6N HNO 3 and Sat. H 3 BO3 and boil

to low volume. Take up with 50 ml HCI and boil with repeated additions

until HNO 3 is gone (note b.).

b. Avoid low volume as excessive foaming and swelling will occur.

5. Cool and transfer the solution to a poly bottle (250 to 500 ml depending on

sample size) and proceed with step 1 Pu-Z39 EXTRACTION PROCEDURE.

I If uranium is required, withdraw a representative aliquot after dissolution and
spike i, with a known amount of standardized uranium (duplicate the extraction
procedure with this aliquot). Transfer the remaining sample into a volumetric
flask after extraction, and dilute to mark with H0.- Pipet an appropriate aliquot
into a centrifuge cone and save for uranium analysis. Evaporate the remainder of
the volumetric solution to low volume, transfer to a 40.rnl centrifuge cone, and
proceed with step 1 Pu-Z39 PURIFICATION PROCEDURE.
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_)"t "239 DISSOLUTION PROC.;D*:hE IiALLOON

WIlýE SWjiPE

1. Place thc sarnple or aliquot in a suitably sized pyrex beaker (note a, or

teflon beaker if samnple is small.

a. If the sample monitors<•4000 alpha cpm, add Pu-Z36 tracer ali,.,;ot

before adding sample. If >4000 alpha cpm, thc dhibolution is done

tracer free, the solution dilated to an accurate vohmwi• to obtain v

final acidity of 6N IINO3 a small aliquot is pipetted into a 40"ml

centrifuge cone, and an appropriate amount of tracer is added.

Z. Add enough fuming 11NO 3 to wet all of the sample. Heat on a hot pl te

until the sample has dissolved.

3. R,:rnove and add about 10 ml 78 percent HCIO4 for e,'ery 100 ml fuming

HNO 3 added in step Z. Heat on hot plate until an exothermic reaction

begins. Remove beaker from hot plate and allow reaction to proceed,

controlling it by the addition of 1 to 10 ml portions of fuming HlNG 3 pouring

acid carefully down wall of beaker (note b).

b. At times the reaction ceases and the solution turns black. This is

caused by the supply of fuming HNO3 becoming exhausted and is

remedied by addition of more acid.

4. Transfer the contents of the beaker to a teflon beaker (note c) by means

of a transfer pipet. Wash the beaker with several 6N HNO03 washes, scrub-

bing the sides and bottom with a polyethylene policeman, Perform at least

two washes with 3 ml aliquots of IN HNO3 - IN HF,

C. If started in onoit step 4 but add a few ml HNO 3 . If the

sample does not contain any insoluble material at this point, omit
steps 5 through 8.

5. Add 10 mil HF and evaporate to wet dryness. Do not allow sample to

bake dry at any tirme during the procedure. f samnple contains appreciable

amounts of dirt, repeat HF treatment at least once.

6. Add 4 ml saturated H3 BO and 8 ml H1NO3 and boil for 3 m-inutes.

7. If residue remains, wash with portions of warm 6N i IO 3 until At dissolves.
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Pu-.39 DISSOLUTION PROCEDURE BALLOON fZ

WIRE SWIPE 0

8. Transfer any undissolved residue to the teflon beaker quantitatively

with HNO 3 washes and repeat steps 5. 6, and 7.

9. Transfer the solution to a 40-orl centrifuge cone and proceed with step

I Pu-239 Purification Pr9cedure.

* If uranium analysis is required, transfer the sample, after dissolution, into
an appropriate volumetric flask and dilute carefully to the mark with H 70.
Pipet an appropriate aliquot into a centrifuge cone and save for uranium
analysis. Evaporate the remainder of the volumetric solution to low volume,
transfer to a 40-ml centrifuge cone, and proceed with step I PU-Z39 Purification
Procedure.
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Pu-Q•'Y DISSOLUTION PROCEDURE ANIMA ..

BONE*

I. Flace the sample in an appropriate cornlngware oven dish, cover and dry
e

at 1100 C overnight. Transfer dish to a muffle furnace and ash at 600°C

overnight.

Z. Remove, cool, and grind thn bone ash with a glass stirring rod or peLtle.

3. Tissolve the pulverized ash In concentrated HCI at low heat on the hot

plate (note a).

a, I! ruore than a trace of insoluble material Is present, the following

steps must be performed.

(1) Decant solution into a beaker. Transfer solid residue to a

platinum dish. Evaporate to dryness under a heat lamp.

(2) Add $it least 3 times the amount of residue) solid Na 2Co 3.

Fuse at -9000C in a muffle furnace for 10 minutes.

(3) Dissolve in HCI and transfer to sample beaker. Continue

with step. 5.

4. Transfer the solution to a poly bottle(Z liter acid bottle for large bones),

with a transfer pipet.

5. Wash the cruc.il. wi=. ho . .ncentrated H'I arl add wathins .... the

bottle.

6. Proceed with step I of the Pu-Z39 EXTRACTION PROCEDURE.

* If uranium is required, withdraw a representative aliquot after dissolution and
spike it with a known amount of standardized uranium (duplicate the extraction
procedure with this aliquot). Transfer the remaining sample into a volumetric
flask after extraction, and dilute to mark with H 0. Pipet an appropriute aliquot
into a centrifuge cone and save for uranium analisis. Evaporate the remainder of
the volumetric solution to low volume, transfer to a 40-ml centrifuge cone, and
proceed with step 1 Pu-Z39 PURIFICATION PROCEDURE.
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Pu-Z)Q D2SSCLUTICN PRCCEDUIPE EMAL( ýCZ 09ne)
ORGANIC TISSUV

1. Remove tho frozen sample from its ),olyethylene bag and place In a small

(250 L 400 m.) beaker. Rinse the plastic bag with H1N0 3 and add the wash-

ings to the beaker.

Z. Pipet an appropriate amount of Pu-Z36 tracer and add enough HNO 3 to

cover the sample. Heat gently and boil the solution to a smaU volume.

3. Cool the solution and add 50 mnl fuming HNO3 and SO ml HCIO4' Heat

gently until the vigorous exothermic HCOl4 reaction starts. Remove the

beaker from the hot plate and allow the reaction to go to completion.

4. Fume the solution :o a small volume and transfer to a centrifuge cone.

5. Proceed with step I Pu-Z39 PURIFICATION PROCEDURE.

I Iuranium analysis is required, t-ansfer the sample, after dissolution, into

an appropriate volumetric flask and dilute carefully to the mark with Hz 0.
Pipet an appropriate aliquot into a centrifuge cone and save for uranium analy-
sis. Evaporate the remainder of the volumetric solution to low volume, trans-
fer to a 40-ml centrigue cone, and proceed with step 1 Pu-Z39 PURIFICATION
PROCEDURE.

103

CONFIDENTIAL



Pu-239 DISSOLUTION PROCEDURE MEDIUM (2 ounces to 2 pounds)

ORGANIC TISSUE

I. Remove the frozen sample from its polyethylene bag and place in an approp-

riate size beaker. Rinse the plastic bag with HNO 3 and add the washingo to

the beaker.

Z. Add an appropriate amount of Pu-Z36 tracer and enough HNO3 to cover the

sample. Heat gently and boil the solution to a low volume.

3. Cool and add enough HZSO 4 to raise the level of solution in the beaker to

approximately I inch. Heat gently until a vigorous reaction starts, then

remove from the hot plate until the reaction subsides.

4. Fume this solution (black liquid) to a small volume and heat with HNO 3

until the solution turns red and finally clears. Add fuming HINO 3 and HG 104

and fume to a small volume. Add H SO4 and fume to low volume to drive off

the HCIO 4 (note a).

a. HCICj forms explosive mixture with cupferron-CHC13 reagent.

added later to extract plutonium and uranium from precipitated

salts, and must be removed.

5. Cool, transfer the solution to a poly bottle (Z50 to 500 nil depending on sample

sz.,-,a and pr•oceed vwiih step I of the Pu- 2 39 Extraction Procedure.

* If uranium is required, withdraw a representative aliquot after dissolution
and spike it with a known amount of staridardized uranium (duplicate the ex-
traction procedure with this aliquot). Transfer the remaining samplc into a
volumetric flask after extraction, and dilute to mark with 14 0. Pipet an appro-
priate aliquot into a centrifuge cone and save for uranium analysis. Evapor-
ate the remainder of the volumetric solution to low volume, transfer to a 40-ml
centrifuge cone, and proceed with step I Pu-239 PURIFICATION PROCEDURE.
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Pu-239 DISSOLUTION PROCEDURE LARGE I >_•-=-!_

ORGANIC TISSE•E

1. Remove the frozen sample from its polyethylene bag and allow it to thaw for
a few minutes uwder a heat lamp. If the sample shape or eýse is ouch that

it will not fit in the bottom half of a four-liter beaker, cut the sample into
appropriate sections and place each section in a separate beaker. Rinse the

plastic bag with HNO 3 and add the washings to the beaker.
2. Add enough H2 so 4 to completely cover the sample. Pipet an appropriate

amount of Pu-236 tracer (within a factor of five of the expected samrple activ-

ity but a minimum of 15 dpm) into each beaker and add approyinately 5 grams
Kl2 So 4 and 2-3 drops Hg metal. Spray the sample with Dow-Corniti Ant.-

foam A silicone defoamner.

-.. Attach the stem of an inverted 6-inch funnel to a ring stand and cLa&mp and

lower the funnel mouth into the beaker. Secure a few inches above the sample.
4. Digest the sample gently with low heat until a black tarry mixture is obtained.

Increase the heat gradually and reflux until the mixture is a clear solution.

The tarry mixture wilU turn to a black jelly, black Liquid, red liquid, and
finally, a clear solution. Raise or lower the funnel during dissolution to
co'•trol thle re-flx action. '"awh ndowu any carbonaceoeus material on the beaker

and funnel walls with 112 SO 4 .

5. Evaporate the H 2 so 4 until salts start forming. Remove the funnel and add

HNO3 cautiously to cool the solution. If the sample had been divided into
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PuZ-9 DISSOLUTION ?.tGE Z 2=
ORGAN= TMVUE*

sectiq~ns for the dismolution, comnbine the sections into one beaker and

evapcrate to low volume. Cool, transfer the sample with water to a 2-

liter acid bottle, end proceed with step I Pu-239 EXTRAC¶LION PROCEDURE.

e

* If uranium is required, withdraw a representative aliquot after dissolution
and spIke it with a known amount of standardized uranium (duplicate the ex-
traction procedure with this aliquot). Transfer the remaining F.ample into a
volumetric flask after extraction, and d1lute to mark with H 2 0. Pipet an ap-
propriate aliquot into a centrifuge cone ..id save for uranium analysis. Evap-
orate the remainder of the volumetric solution to low volume, transfer to a
40-ml cintrifuge cone, and proceed with step 1 Pu-Z39 PURIFIAT1ON PRO-
CEDURE.
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Pu-239 DISSOLUTION PROCEDURE METABOLUSM

SAMPLES

I. Place the sample in a 4-liter beaker, rinsing the container with H O

and HNO 3. Add an appropriate amount of Pu-236 tracer.

2. Cover the beaker with -a speedy-yap and boil to wet-dryness on a hot

plate. Cover the sample with HNO and boil to low volume.
3

3. Add 100 to 200 nml fuming HNO and cautiously evaporate the solution to3
wet dryness (note a).

a. At near dryness, ignition occurs and the residue carbonizes.

4. Cool and rinse the speedy-yap and the sides of the beaker with ap-

proximately 100 ml HNO 3 . Add 75 nl and HC1O4 and fume the mixture

to dense HCIO4 fumes to destroy residual organic matter.

5. Add 200 ml 1 1 z5 0 4 and fume the mixture to low volume to driv off a&l

the HCIO4 . Cool and transfer to a 2-Liter acid bottle.

6. Continue with step I Pu-Z39 Extraction Prov:dure.

0

If Uranium is required, withdraw a representative aliquot affer dissolution
and spike it with a known amount of standardized Uranium (duplicate the cx-
traction procedure with this aliquot). Transfer the remaining sample into a
volumetric flask after extraction, and dilute to mark with H 2 0. Pipet an ap-
propriate aliquot into a centrifuge cone and save for uranium analysis. Evap-
orate the rnmainder of the volumetric solution to low volume, transfer to a 40
ml centrifuge cone, and proceed with step I Pu,.239 Purification Procedure.
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ru-239 REWORK PROCEDURE PLATED

DISCS

1. Transfer the mounted Plutonium sample to a small teflon beaker. Add

20 ml fu-ning HNO3 and 10 nl HF ^nd boil to low volume.

Z. Remove disc with teflon forceps and kinse with I N N N HF aing

washes to beaker.

3. Dry the disc %:nder a heat lamp and check for residual activity. Repeat

stripping process if significant activity is detected.

4. Boil solution to wet drynes., add 10 drops of H3BO 3 and Z l =IHO 3 .

and boil to wet dryness.

5. Transfer the sample to a glass beaker with 6N HN- 3 aud proceed with

step 4 of the Pu-239 Purification Procedure.
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PtPuZ39 EXTRACTION PROCEDURE

1. Dilute the sample (note a) contained in poly or acid bottle, to 213

volume with H 2 O. Add an appropriate amount of Sat. NH 2 OH * HCI

and CHCI 3 (note b;. Stir at high speed with a mechanical stirrer for

a few minutes. Add 50 to 100 ml 6% cupferron reagent and stir again

at nigh speed for 5 minutes.

a. The sample solution must be in approximately IN HCI free

of NOT. Boil solution in HCI if necessary and dilute with

H20.

b. Large tissues - 100 ml Sat. NH 2 OH • HCl, 150 ml. CHC13

Medium tissues - 50 t i I 100 ml. "

Large Soils - 10 "t " it oo 50 ml.

Small Soils - 5 " it " 25 MIl. "

2. Centrifuge to separate the phases. Add a few drops of aerosol solution

to reduce foaming between layers. Transfer the CHC13 phase, using

a trausfer pipet to a 400-ml beaker. Repeat the extraction, without

the addition of more cupierron, until the CHC13 phases are colorless.

3. Boil the C I 3 collcctions to jow volume, (approximately 3 ml) and allow

the contents to cool. Rinse the walls of the beaker with HN0 3 and boil

to approximately 3 ml. Repeat the rinse with fuming H1O3 and boil to

low volume (avoid dryness) (note c).

c. Repeat fuming HN0 3 cycle for soil samples until solution

turns a cl6,r red color.
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Pu-239 EXTRACTION PROCEDURE (Z)

4. Add Z5 ml fuming HNO 3 a Z5 ml HCIO Cautiously heat until an

exotherrnic HC1O4 reaction begins. Remove the beaker from the hot

plate and allow the reaction to go to completion.

5. Fume the HC10 4 to low volume (note d). Coal the solution and transfer

with water w&shes to a centrifuge cone.

d. A white residue often appears at this point in large bone

samples. Repeat the extraction in this event.

6. Continue with Step I Pu-Z39 PURIFICATION PROCEDURE.

II
II
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Pu-239 PURIFICATION PROCEDURE

1. To the sample contained in a centrifuge cone, add 10 mg Fe+ 3 unless

the sample is known to contain that much. Digest in a hot water bath for

10 minutes and carefully add 19N NaOH (pellets may be require4 if he vol-

ume is too large) until the solution is basic (note a). Add 3 ml saturated

Na 2 CO 3 and digest in s hot water bath 10 minttes. Centrifuge and decant

supernate to waste. Dissolve the precipitate in HNO3 and dilute to ap-

proximately 15 ml.

a. Do not make the solution too basic3 as Fe is amphoteric.

2. Make the solution basic with NH OH and digest the precipitate in a hot4

water bath for 10 minutes. Centrifuge and decant the supernate to

waste. Wash the precipitate twice with 10-ml portions of H 2 0 con-

taining 1 drop NH4OH.

3. Dissolve the precipitate in a minimum of HNO 3 and idd 5 ml 6N HNO 3

(note b).

b. An insoluble brown precipitate sometimes persists if iron is

present in excess. However, during the HCI column additions

in steps 5 and 6 this precipitate dissolves, changing from brown

to blue greeu. Addiztion of ,-ioxe HC"l fiusly destroys the blue

green color.

4. Prepare S 100 to 200 mesh Dowex l-X 10 resin column by adding approxi-

mately 1/2 inch of resin to a tubulated glass column. 12 inm I.D. and

85 mm in 1-.*gth, containing a Dacron wool plug at the bottom. Insert

another plug at the top and precondition the column with 10 ml 6N HNO3.

5. Pour the solution from step 3 onto the column. Wash the centrifuge

tube with 20 ml 6N HNO 3' followed by 10 ml HCl and add the washings

to the column.

6. Allow the column to drain and elute the plutonium into a 50-ml beaker

with 30 ml of freshly prepared HCI-NH4 I (approximately 50 mg NH 4I per 30

ml HCI).
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Pu-29 PURIFICATION PROCEDURE (2)

7. Evaporate thae-ute to approximately 2 ml and add 2 ml HNO3 to destroy I.

Add 3 ml HCIO 4 and evaporate to wet dryness. Repeat with 5 ml Aqua

Regia.

8. Take up the residue in I ml HCI and evaporate to dryness. Do not

bake. Rotate the beaker to insure complete dryness. Add Z ml HCl,

boil to I ml and transfer to a prepared electroplating cell (note c).

Rinse the beaker with two l1/2-ml HCI washes and one l/Z-ml water

wash. Transfer each wash to the plating cell (note d) and proceed

with step I of Pu-239 ELECTROPLATING PROCEDURE.

c. The platinum disc and anode must be freed of any grease

film by rinsing several times with acetone and alcohol.

Write the sample identification on the back of the disc.

Ignite to red heat in a Fisher burner flame. The electro-

plating cell must be clean and free of any foreign mater-

ial. Check for leakage before use.

d. Keep the plating solution at minimum volume during this

transfer and also during the titration.
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Pu-239 ELECTROPLATING PROCEDURE

1. Ade. drop methyl red indicator. Add NH 4 OH dropwise .;.ntil the

indicator shows the solution to be basic (yellow). Add ZN HCI

dropwise until the solution is lust acid. Add I drop in excess.

Z. Place the sarnple on a Sargent-Slomin electrolytic analyzer.

Adjust the rotating anode to approximately 1/4 inch above the

platinum disc. Plate for ZO minutes at a startinj current of

2. 5 amp and approximately 5 volts. The current may fluctuate

during the plating period. Check occasionally and adjust the

current to maintain Z. 6 amp throughout the plating operation.

3. At the end of the electroplating period, add I ml NH 4 OH. Stir

for 15 seconds. Turn off the current and stirrer. Remove the

anode from the plating solution.

4. Immediately transfer the plating solution into the beaker used

for evaporation. Rinse the inside of the plating cell 3 times

with water washes. Combine the washes with the plating solution

in the beaker.

5. Dismantle the plating cell and remove the platinum disc. Rinse

wim alcohol and ignite the disc to red heat.

6. Place disc in a lined and labeled tin box and submit for alpha pulse

height analysis.
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URANIUM EXTRACTION PROCEDURE

1. Divide the aliquot set aside for uranium determination into two equal

portionsand transfer to an appropriate glass beaker. Add an appropriate

uranium spike (for yielding) to one portion (note a).

a. If the aliquot is taken from a cupferron-CHCL extraction sample,

do not spike or divide it. Analyze concurrently with the aliquot

spike prior to extraction.

2. Evaporate the solution to low volume and dilute to 5 ml with ZN HN03.

Transfer to a centrifuge cone and saturate with NH4NO3 crystals.

3. Add 10 ml hexone and stir athigh speed for 5 minutes. Transfer the hexone

layer to a fresh centrifuge cone.

4. Repeat step 3 twice with E-rnl additions of hexone and combine organAc

phases.

5. Scrub the hexone phase twice with a saturated solution of NH 4 NO 3 to

remove Pu and other heavy elements and discard aqueous phase.

6. Back extract the uranium twice with two 5-anl adLitions of water and

transfer the aqueous phases to a 50-ml glass beaker. Boil to wet dry-

ness, add 5 ml Aqua Regia, and boil to wet dryness. Repeat Aqua Regis

step (note b).

b. Aqua Regia destroys residual hexone and NHH4 NO 3 which may be

carried through the back extraction.

7. Take up solution in 6N HNO 3 and proceed with step I Fluorimetric

Determinat.'on of Uranium, (note c).

c. If the fluorirnetric analyses is delayed, store the solution in

concentrated HNO 3 .
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FLUORIMETRIC DETERMINATION 01- URANIUM 0

l, Evaporate the sample to I ml and transfer to a platinum fusion dish

(note a ) .-esting on a Nichrome wire screen-ring holder. Evaporate

the sample to dryness under a heat lamp.

a. The fusion dishes are formed from satin finish 90% It-10%

Ir alloy discs (0.v15 inch thick ty 0.748 + 0.001 inch dlameter) In a

special forming die (0.750 inch diameter). The new dishes are cleaned

by boiling in a I-to-I mixture of H 2so4 and HNO 3 and then

rinsed thoroughly in water and Aistilled water. They are then

fused twice with NaF-L.F flux and washed before their initial

use.

2. Start a blast burner and by regulation of the air supply, stabilize the.

flame to 80000. Position the dish holder above the flame, add 1/2 gm

NaF-LiF Flux (note b) to the dish and ignite to % bright red heat for

3 minutes (note c). Allow to cool in place for 15 minties and transfer

to a 12-hole uranium dish container. Traasfer the dish to a calibrated

Jarrell-Ash fluorimeter (note d),withir, 2 hours and record the milliamps.

Convert reading to p. gram per total sample using a calibrationcurve

(note e) and calculation factors.

b. The flux powder from which pellets are formed for fusion is

composed of 98% NaF-2% LiF mixed intimately. This is made

up in one-pound batches in order to insure uniformity in day-to-

day use. A satisfactory bath of flux will show 0.0 l(Ojg or less

per 0.5-grarm pellet. The purest NaF available gives 0. 003 p g.

The pellets are formed in a TLW pellet-maker, fabricated from
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FLUORIMETRIC DETERMINATION OF UR•ANIUM MZ)

pyren glass, and adjusted to cielhver a 0,, 0 + 0. 01 grain

pellet. The pellet-maker is gently pressed for about ten

times into the flux powder container, and a spatula is used

to flatten the bottom of the pcllct.

C. The flux will melt within one minut' if the flame is correctly

adjusted and the fusion is continued for three minutes after

the last of the flux has melted. At the end of the fusion, turn

off the air and gas simultaneously.

d. The Jarrell-Ash fluorimeter is operated and maintained accord-

ing to the supplied manual. To prepare for a series of readings.

push the receptacle slide to the front stop. The .nstrunbenL

reference source is now under the ultraviolet light and the

meter circuit is switched to the 0.001 scale. The volttge

is adjusted so as to give & reading of 100 divisions. Adjust

the reference to zero and enter blank and read. Remove

blank, enter sample, and record reading. Check reference

reading bet-weern each sample and zero ii necessaky. Record

all necessary data.

e. The flurometer is calibrated prior to sample analysis and

daily thereafter. The initial calibration is performed by analyz-

ing 100 X spikes of standardized uranium solutions, The

standard uranium solution used for spiking and standard measurement

ranges from 0.050 to 8.24 ipg U 30 8 ml. These conceatra•lons

are aliquoted to allow readings on the fluorimeter to be made on

the 0.001-1 scale. A calibration curve is plotted from the scale
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FLUVORIMETRIC DETERMINATION OF URANIUM (1)

readings. Blank% v,•i the multpl•er photoaube operating at

about 400 voltr show a typical reading as follows:

Scale 0.001 Instrument standard
mot on 100 div.

Blank: 0.019 divisions or
0.006 pg

Daily calibrations are performed by analyzing 100 A spikes of

0. 973 and 1. 46 p g U 3 0 8 per ml standardized uranium solutions.

If the initial and daily calibration curves are mismatched a new

calibration curve is prepared as in 9t&P X.

3. Remove the dish from the fluorimeter and discard the fluoride pellet.

Clean the disc by boiling once in 0. IN HCI, twice in H.0,and fusing

with NaF-LiF flux. Repeat acid and wi er treatment, rinse with Hflq

and place disc face down on a clean paper towel to dry. The disc is now

ready for the next sample.

* The sensitivity of this method is 0. 001 1Ag of UA. Reproducibility

is approximiately 5%.
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Pu- 23 r ALPIIA TIRACEýH PRODUCTION

The production of Pu-Z36 is accomplished by deuteron bombardment of

U,235 in an accelerator by the following reaction:

U-235 (d, n) Np-236

Np-236 Z, hr Pu-Z36

In order to obtain Pu-236 free of Pu-Z38 and Pu-Z39. the U-Z35 muaet

be 99+ percent pure.

The deuteron energy should be between 12 to 17 mev. The target is

U-Z35 foil about ZOO mg/cmZ thick and with an area of approximately I inch

square, depending on beam size. This is about one gram U-Z35.

After bombardment, the Np-Z36 is allowed to decay and Pu-236 milked

off by appropriate chemical procedures.

Since fissionable material is being irradiated, the target must be

sandwiched with alurninkutn foil. It is desirable to have a sealed target con-

taining an inert atmosphere and navuig its own water cooling l1nes.

The surrounding foil means a deuteron energy of about Z5 mev is

required. this being degraded by the foil to the 12 to 17 mev range.
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P~u.-36 ALPHA T7ACER PKEPARATION ANDS.. .... ~~ / STING . . .

I. When a new stock oa PuZ3 6 is received, transfer the solution to a 50-ml

lusteroid cone and add e,5 mi La and ^6 mg Fe"s%.

Z. Make the solution basic with NH 4 OH. Let stand 3 minutes and

centrifuge. Wash the hydroxides with 10 ml water. Discard the

supernate and wash. Dissolve the hydroxide in 3 drops of HNO 3 .

3. Dilute to 10 ml with water. Heat the solution for 3 minutes on a 750 C

water bath. Add ZO mg NaHSO 3 a little at a time, to insure complete

reduction. Continue to heat for 5 minutes. Add 10 daops HF with

stirring, and heat for a few minutes. Cool and ceitrifuge. Wash the

LaF 3 with Z ml IN HCI- IN HF. Discard the supernate and wash.

4. Slurry the .AF 3 in I ml saturated H3B03 and heat on a 750 C water

bath for a few minutes. Add I ml HC0 and I ml water and continue to

heat on the water bath t" obtain a clear solution. Dilute to 10 ml with

43water. Add,,,2 mg Fe

5. Repeat steps 2, 3. and 4. Do not add Fe to the repeated step 4.

6. Add NH 4 OH to precipitate .(OH). Digest in hat. water both ior

a few minutes. Centrifuge, and wash the precipitate with S ml water

containing I drop NH 4 OH. Discard the supernate and wash.

7. Dissolve the La (OH) 3 in I ml HCI and 2 drops HNC 3 . Heat the solution

for 3 minutes in a hot water bath, Cool the solution in an ice bath.

and saturate with HCl gas. Allow to come to room tirrper-ature.

8. Transfer the solution to a prepared Dowex AG l-X8 (100 to 200 mesh)

column. Prepare an eluting soiuition containing 15 ml HCl and 1/2-ml

HN0 3 . Rinse the tube with several I-ml portions of this solution.

Transfer these washes to the column. Wash the column with the
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Pu-- ,o A.\,Ph Tr-,ccr Preparation and (ZL
A eating

remaining solution in Z-ml portions. Wash with 15 ml HGI in Z-ml

portions. Diocard the effluents and washes.

9, Prepare an eluting solution containing Z0 ml HCIl and 75 mrg NH 4 1. Elute

the Pu from the column into a 50-ml beaker with Z-rml portions of this

solution, allowing the first ?-ml portion to pass through. Add the

second Z-ml portion and plug the, top of the column with a piece of

pressure-sensitive tape for 5 minutes. Remove the tape and continue

to elute in Z-rnl portions. Pass through 6 ml of HC1 in 2-ml portions.

10. Evaporate the solution in the 50-ml beaker just to dryness with addition

of HNO3 in order to drive oif all iodine. Take up the activity in 6N HCI.

Transfer the activity to a polyethylene bottle using 6N HGI washes.

Add sufficient 6N H1CI to give a concentration of.,'3000 dprn per ml.

11. Transfer the contents of the 3000 dpm per ml concentrated stock
-. 3

solution to an appropriate size glass beaker. Add 10 mg Fe , 4 ml

H 2 SO4 , andevZ ml HClO4 . Evaporate to SO 3 furnes.

lZ. Wash the sides of the beaker with HCl and evaporate to near dryness.

Take up in I -Z rnl HCI and transier to a 40-nil centrifitve cone with

HO + HCl washes.

13. Ppt Fe(OH) 3 with NH 4 OH and centrifuge. Wash ppt with H20 containing

a few drops NH4 OH and centrifuge. Dissolve the Fe(OH) 3 in a few drops

HNO 3 and dilute to 5 ml with 6N HNO3 . Add t-1/Z-rml saturated NaBrO 3

solution.

14. Warm on hot water bath a few minutes. Saturate the solution with

NH4 NO3 crystals, add 5 ml hexone and stir with a mechanical stirrer

3 minutes. Repeat hexone extraction twice adding Sat. NaBrO 3 auw more

Ni 4 N0 3 crystals as necessary.
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Pa-236 Alpha Tracer Preparation and 13•
Testing

15. Waah the hexone phases by stirring with 5-ml 6N HNO 3 for I minute

and discard the washes. Back extract the Pu with three 5-ml

additions of 0. IN HNO 3 . Transfer the aqueous phase to a 50-ril

glass beaker.

16. Add 10-ml HCI and boil to wet dryness. Repeat HCI addition and

evaporation twice. Take up with 10-ml 6N HCI. Transfer contents to

ZS0-ml poly bottle, and dilute torAS0 ml with 6N I-CI.

17. Add one ml of Con HCIO 4 and cap tightly. The activity value should

beAJ4.4 x 103 dpmiml. Label R.C. Pu 2 36 Master Stock Solution.

18. Pipet exactly 10 ml of the R.C. Pu=2 36 Master Stock Solution into a

Z000-ml volumetric flask and add 10 ml Con HCIO4 . Dilute to the mark

with 6N HCI.

19. Transfer the solution (not quantitatively) into eight clean, dry ZSO-ml

poly bottles and cap tightly. The activity value should beVZZ dpm/ml in

each poly bottle. Label R. C. Pu Z3 6 Low Level Stock Solution. Circle

caps and bottles with green label on tape.

Z0. Pipet exactly ZOO mrl of the R. C. Pu36 Master Stock Solution into

a Z000-ml volumetric flask and add 10 ml HCIO . Dilute to the mark
4.

with 6N HCI.

21. Transfer the solution (not quantitatively) into; eight clean, dry ZS0-ml

poly bottles and cap tightly. The activity value should bodw440 dpm/ml.

Label R. C. PuZ 3 6 High Level Stock S ,,ution. Circle ca".s and bottles

with red label on tape.
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Pti-236 ALPh1A TRACER STANDARDIZATION

BY EXHAUSTIVE PLATING

1. Pipet I ml each of R. C. PuZ36 Low Level and High Level Stock

Solutio0Ai.nto an electroplating cell (usually process duplicate aliquots).

Add I/Z ml HCl.

Z. Add I drop methyl red indicator. Add NH 4 OH dropwise until the

indicator shows the solution to be basic (yellow). Add ZN HCI dropwise

until the sok,•ion is just acid. Add I drop in excess.

3. Place the sample on the Sargent-Slomin electroplater. Adjust the

platinum anode (note a) to approximately 1/4-inch above the pLatinumn

disc (Note b). Plate for 10 minutes at a starting current of Z. 5

amps and about 5 volts. The current may fluctuate during the plating

period. Check occasionally and adjust the current to maintain 2. 6

amps throughout the plating period.

a. The same platinum anode, glass tower, and washer is used

through three successive platings of a given aliquot.

b. The platinum disc and anode must be freed of any grease film

by rinsing several times with acetone and alcohol. Write the

sample identification on the -back of the disc. Ignite to red

heat in a Fisher burner flame. The electroplating celU must

be clean and free of any foreign material. Check for leakage

before use.

4. At the end of the electroplating period, add I ml NH4 OH. Stir for 15

seconds. Turn off the current and stirrer. Remove the anode from

plating solution.

5. Immediately transfer the plating solution into a 50-ml beaker. Ri*.se

the inside of the plating cell three times with water washes. Combine

the washes with the plating solution in the beaker.
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Pu-236 ALPHA TRACER Standardization (2)
by Exhaustive Plating

6. Dismantle the plating cell and remove the platinum disc. Rinse with

.ý' alcohol and ignite the disc to red heat; cool.

7. Place sample in a lined and labeled tin box and submit for counting

analysis.

8. Evv:.porate the solution to approximately 3 ml. Add 3 ml HNO 3 and

1 ml HCh. Evaporate to wet dryness. Repeat the HNO 3 -HCI treat-

ment twice.

9. Pick up in I ml HCI and take to dryness. Do not bake. Rotate the

beaker to insure complete dryness. Add 2 ml HCl, boil to 1 rnland

transfer to the same electroplating cell using a new platinum disc as

the cathode. Rinse the beaker with two 1/2-ml HCI washes and one

l/Z-mI water wash. Transfer each wash to the plating cell (note c).

c. Keep the plating solution at minimum volume during this

transfer and also during the titration.

10. Repeat steps 2 through 9 to obtain second plate.

11. Repeat steps 2 through 7 to obtain third plate.

12. The three successive plating• from each aliquot are counted on a

calibrated alpha spectrometer. The total P1Z36 dpm on each plate

is added to determine the average PuZ36 tracer concentration.

Calculate the tracer stock concentration as of January 1 of the

current year.
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Pki-236 ALPHA TRACER STANDARDIZATION

WITH PU'139 TRACER

. Pipet I ml each of R. C. PuZ36 Low Level and High Level Stock

Solution and I mil each of PuZ39 Stock Solution (Cu 90 dpm) into two

50-mnl beakers.

Z. Add 10 ml of H 2O, 1 ml Con. HCI0 4 , 2 ml Con. HzSO 4 , 10 mg Fe 3

and evaporate to dryness.

3. Wash the sides of the beaker with HCI and evaporate to near dryness.

Take up in I-2 ml HCI and transfer to a 40--ml centrifuge cone with

H 2 0 and HCI washes.

4. Ppt Fc(OH) 3 with NH 4 OII ard centrifuge. Wash ppt with H70 containing

a few drops NH 4 OH and centrifuge. Dissolve the Fe(Ui-) 3 in a few

drops HNO 3 and dilute to 5 ml with 6NHNO3 . Addeul/Z ml saturated

NaBrO3 solution.

5. Warm on hot water bath a few minutes. Saturate the .ilution with
41

NH 4 NO 3 crystals, add 5 ml hexone and stir with a mechanical stirrer

3 min. Repeat hexone extraction twice adding Sat. NaBrO 3 and more

NkH4 1NO3 crystals as necessary.

6. Wash the hexone phases by stirring with 5 ml 6N HNO 3 for I min and

discard the washes. Back extract the Pu with three 5 ml additions

of 0. IN HNO 3 . Transfer the aqueous phase to a 50-ml glass beaker.

7. Evaporate the solution containing the heavy element tracer and activity

to approximately I ml. Add 1 ml HNO 3 and I mI MCI. Evaporate to

wet dryness. Repeat the HNO 3 - HCI treatment twice (Note a).

a. Repetition of HCI-HNO 3 treatment is not necessary for the

plating of uranium.
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Pu-.136 ALPHA TRACER Standardization M

with PuZ3 'ý Tracer

8. Pick up in I ml HCI and take to dryness. Do not bake. Rotate the beaker

to insure complete dryness. Add Z ml HCI, boil to I mland transfer to

a prepared electroplating cell (note b). Rinse the beaker wit;- -,w- 1/Z-ml

HCI washes and one I/Z-ml water wash. Transfer each wash to the

plating cell (note c).

b. Tho platinum disc and anode must be freed of any grease film

by rinrelng *.'veral times with acetone and alcohol. Write the

sample identification on the back of the disc. Ignite to red heat

in a Fisher burner flame. The electroplating cell must be clean

and free of any foreign material. Check for leakage before use.

c. Keep the FIating solution at minimum volume during this transfer

and also during the titration.

9. Add I drop methyl red indicator. Add NH 4 OH dropwise until the

indicator shows the solution to be basic (yellow). Add ZN HC1 drop-

wise until the solution is just acid. Add I drop in excess.

10. Place the sample on the Sargent-Slomin electroplater. Adjust the

anode to riot more than 1/4 inch above the platinum disc. Plate for

10 to 15 minutes at a starting current of Z. 5 amps and about 5 volts.

The current may fluctuate during the plating period. Check occasionally

and adjust the current to maintain Z. 6 amps throughout the plating

period (notes d and e).

d. Fifteen ininutes plating time is required for Pa.

a. Twenty minutes plating time is required for T. P. (Am-Cm)

samples.
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Pu.-23b ALPHA TRACER St.,rdardization (3)

with Pu Tracer

11. At the end of the electroplating pericd, add I ml NH 4 OH. Stir for 15

seconds. Turn off the current and stirrer. Remove the anode from

plating solution.

IZ. Immediately transfer the plating solution into the beaker used for

evaporation. Rinse the inside of the plating cell 3 times with water

washes. Combine the washes with the plating solution iii the beaker.

13. Dismantle the plating cell and remove the platinum disc. Rinse with

alcohol and ignite the disc to red heat; cool. Check yield on

laboratory alpha counter before submitting sample to the counting

room.

14. Place sample in a lined and labeled tin box and submit for counting

analysis.

15. Determine the Pu 2 3 6 to PuZ38 and Pu 2 3 9 ratios by alpha pulse

height analysis. A correction factor for the very small amount

of Pu 2 3 8 and PuZ' 9 added to each sample .i determined from this

data.
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APPENDIX D
.,•. TECHNICAL PAPER FOR HANFORD SYMPOSIUM

AND 9TH ANNUAL MEETLNG HEALTH PHYSICS
SOCIETY

ROUTINE DETERMINATION OF PLUTONIUM BY TRACER
TECHNIQUES IN LARGE BIOLOGICAL SAMPLES 0

by

W. J. Major, IL A. Wessman, R. Melgard. L. I-eventhal

Technical Services Division
Tracerlab, A Division of Laborator,, for Electronics, Inc.

2030 Wright Avenue
Richmond, California

ABSTRACT

A precision tracer procedure was developed for the rapid analysis

of non-uniormly distributed plutonium in large biological ip "ples.

Liver, lung, kidney, lymph node, trachea, gastrointestinal tract,

na.al ..-u5o, pharyngeal mucosa, bone, urine and feces samples from

burros, sheep, and dogs (exposed to plutonium aerosol.) were assayed

for plutonium. The chemical procedure consisted of: equilibration of

sample plutonium with Z36Pu tracer, wet ashing by refluixng with

14 S04 and a catalyst; extraction of plutonium from bulk salts with cup-

faerron-chloroform; purification with ion-exchange resins; and electro-

deposition on platinum. These procedures minimized the requisite

volume of acids and avoided the violent exothermic reactions of some

wet ashing procedures. Problems associated with dry ashingsuch as

loss of the radioisotupe by entrainment in solid carbon particles, and

formation of insoluble oxides of plutoniumwere avoided. Also, the

need fnr the large ashing furnaces was obviated.

0 This report is based on work performed under Contract DA-49-146-XZ-
192. Mod 4, between the Defense Atomic Support Agency and Tracerlab,
A Division of Laboratory for Electronics, Inc.
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Measurement of the plutonium content wag accomplished by tracer

y&*lding and alpha pulse-height analysis. This method ensured a high

degree of accuracy, high sensitivity, and freedom from interference

from other alpha emitters. A typical chemical yield was 55%1 and

the counting precision was within 3%. Limits of detection were

approximately 0. 05 dpm for a thousand-minute count.

INT4RODUCTION

Procedures for the determination of picocurie amounts of

plutonxm in biological materials ara abundant in the literature.

Inherent drawbacks to these procedures are: procedures are

limited to specific types and amounts of samples; dissolution and

p.rification losses are arraticusually requiring calibration of
(Reference 9)

chemists/ and the chemical procedure must often be revised for
(Reference 10) 2371u

each sample. Weise and Shipman/ have used tracer to
(Referepce 11) 238

follow procedural steps in urinalysis, Painter / h,.s used Pu

tracer to follow activity distribution in dogs. In neither case,

however, was the tracer used to yi-eld another izoto of plurt-oni.-1-.

Attempts to minimise plutonium losses sometimes result in a

product which contains interfering alpha emitters muca as the

241Am daughter of 241:Pu, present in many plutonium samples.
(Reference 12)

Hollatein / mentions contarn..ation from uranium and Weiss and

Shipman mention 23ZTh, 238U, a31. P and 237Np contamintion in
(Refernee 13)

urine samples. Other workers such as Sanders and L.oidt / ave

"expressed dissatisiaction with processing methods. Kooi and
(Reference 14)

Hollstein / were dissatisfied with erratic plutonium recovery and

the inapplicability of available procedures to water containing large

concentrations of iron or calcium.

By means of a 2 3 6 Pu tracer technique, we have successfully

determined sub micro amounts of plutonium in nuclear debris,
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atmospheric filters, soil, dry fallout. rainweter, food, envir(ameontal

samp~esland neutron-activated materials for the past twolve years.

236in this procedure a known quantity of Pu is equilibrated with

sample plutoniunmiand 236Pu as well as the heavier plutonium

isotopes are later detarminnd by alpha spectrometry. Positive

identificat-on of all isotopes and an accurate correction for proces-

sing losses are a&sured. The method is adaptable to most samples

containing plutoniurrn since Z36 0 is usually absent.

This tracer method has been combined with an appropriate

bioassay procedure for routine determination of non-uniiormly

distributed plutoniumn in large biological samples. In a recent

program burros, sheep, and dogs were exposed to plutonium aerosols

to simulate uptake, deposition, retentionand translocation of plutonium

in humans exposed to plutonium aerosols from a non-nuclear

deton ation. Over 600 liver, lung, kidney, lymph node. trachea.

gautrointestinal tract, nasal mucosa, pharyngeal mucosa, bone,

urine and feces samples Irom the animals were analvyed by our LAb for

plutonium content. These samples ranged from a few ounces to

15 pounds and contained from 0 to 60,O0dpm of 239, Z40 Pu0

EXPERIMENTAL

Preparation of Z36Pu Tracer

The Z36Pu tracer was prepared in a cyclotron irradiation and

chemically purified at Tracerlab. No measureable Z39, 240 Pu or Z38 1:

was apparent after purification. Both exhaustive electrodeposition &ad

isotopic dilution methods were used to standardize tie tracer.

In exhaustive electrodeposition. four aliquots were withdrawn from

the purified stock and the tracer electrodeposlted on a platinum disc.
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The plates were counted without collimators in our rrisch grid chambers

and tracer activity corrected for chamber counting etfi•cency. LEectro-

deposition and counting were repeated oni the plating supernate until a

plate relatively free of activity was obtained. Three platings were usually

required. Summation of the electrodepositions gave the tracer concentration.

In isotopic dilution a spike of National Bureau of Standards 2

stock solution* (99. 977o pure) was added, for yielding, to nine aliqtlots

of the purified Z36Pu stock solution. The spike and tracer were equili-

brated by evaporation with HzSO" and HC1O 4 and isolated by the procedure

described below. The plated samples were countcd and the Z36Pu concentra-

tion calculated after Z39 Pu yielding.

Exhaustive electrodeposition gave an average concentration of

Z5. 0 ± 0. 38 dpm/ml Z36FPu .or the four aliquots. Isotopic d~iutlon gave

an average Z5. 7 ± 0. Z6 dpm/ml for the nine aliquots. E•xperience has

shown that the first method is susceptible to low results due to sequential

handling losses. This point has been confirmed by standardization

of the tracer, using a combination of both techniques on the same aliquots

of tracer.

Samnle Dissolution

The choice of dry or wet ashing is often a matter of personal pre-
(Reference 15)

ference or of facilities available. Comar / discusses the relative
(Reference 16)

merits of each %nd usually favors dry ashing. Greenberg / recom-

mends the convenience of dry ashiLg. Wet-versus-dry aohing was

*An analysis of the NBS standard (listed as 99. 97/. pure) on our Mass

Spectrometer gave the following isotopic composition: 94. 386 weight %
239Pu; 5. Z71 weight i Z40Pu; and 0. 343 wztight 7. Z41Pu. The Z39 Pu
Z40 u alpha disintegration rate of the solution was calculated from this

data.
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experimentally compared. Dry ashtng rr..,lted in losses from spatter-

ing and physical entrainment of plutontim in solid carbon particle@. It

was assumed the greatest losses would occur in samples .htaving high

organic-to-esh ratios, such as soft tissues. Losses from the forartion

oi difficultly soluble compounds of plutonium at high ashing temperatures
(Reference 17)

wer'e also suspected. Toribara and Predmore / found urine, bonc, and

ioft-tissue ash readily soluble in strong HCN, while fecal and food ash

contained a difficultly soluble residue which sometimes trapped 971,

ci the plutonium, requiring a drastic leaching and fusion for dissolution.

In dry ashing;sample plutonium and tracer cannot be equilibrated

until after the ashing process; and losses occurring at this stage result

in inaccurate sample yielding. Wet ashing of tissue and fluid samples

ini the presence of 236Pu tracer was tried and gave the desired results.

The procedure, and adaption of the Kjeldahl method, utilized the oxidizing

power of concentrated sulfuric acid, a mercury catalyst, and refluxing at

am high temperatures. The apparatus consisted simply of large beakers covered

wita inverted funnels (Figure D.1). Unaccountable sample plutonium losses

were elinin.nted by addition of the tracer at the start. Equilibration of

sample plutonium and tracer was assured by dissolution of the sample

in the strongly oxidizing media. Requisite volumes of acids and

violent exotherrnic reactions of tomre wet ashing procedures were

minimized. After a clear solution was obtained, the excess acid was

evaporated.

Bone samples were dry ashed since they have a low organic-to-

ash ratio.and the ash serves as a carrier to prevent loss of plutonium

during high-temperature ashing. The bone ash was easily removed

fcorn the ashing container by acid dissolution and then equilibrated

with plutonium tracer.
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Plutonium Isolation

The residue from wet ashing usually contained large amounts of

inorganic salts. Most of the bulk salts were separated by extracting

the plutonium, reduced to the trivalent state with hydroxlamine hydro-

chloride. into # cupferron-chloroform solution. The extraction was a
(Reference 9)

scaled-up version of the method outlined by Beaufait and Lukens/
(Peference 18)

and L.angham./ The residual salts were further reduced by co-

precipitation of plutonium with Fe(OH) 3 from a 6ot basic carbonate

solution and then from an ammoniacal solution.

The plutonium was separated from iron and traces of other

rnet-fli'z ons by ion-exchange rtrsin-absociption an?- •i~n witL
(Jieferen e 19)

1-CI-,NH 41. / The eluent was evaporated to low volume and treated

with HNO3 . h-;10 4 . and HCl to remove iodine and residual . asin

particles. If a residue persisted, the &mnple was recycled through

the chemistry procedure, as a visible residue at this point would

result in a dirty plate in the procedure below.

(Reference ZO)
A rapid electrodeposition procedure reported by Mitchell/

was used to obtain frotn the clear solution a weightless, Invisible deposit

of plutonium on a platinum disc with a plating time of 10 minutes. The

disc was 5 mils thick~with a mirror finish, pre-cut to Z. 2 cm in diameter.

The electrodeposition cell, designed by our laboratory, limited the

plating solution exposure to the glass tower, tenlon gasket~and platinum

disc.

Sequential outlines of the sample processing are given (Figures D.2 sind

D.3, and a detailed chemical procedure is appended.

Activity Measurements

Bach electrodeposited plutonium sample was counted on an alpha

pulse-height analyzer. For this purpose, the outputs from four

Frisch grid chambers (Tracerlab Model RLD-1) were connected
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to one multi-channel analyzer (Technical Measurements Corp.. J..el

CN-I11) by daviding the Lull range of 256 channels into quadrants of

o4 channels each.

The chamber was calibrated for alpha energy using a multi-peak

alpha source containing Z39Pu. 241Am, and Z36Pu (TracerLab

R-37 Alpha Spectrometer Kit). The calibration was made immediately

before and after each sample was counted. This provided a check for

instrument drift during the sample counting Interval The instrument

controls were adjusted so that the 64 channels covered an emergy

range of 4. 5 to 6. 0 Meov. This range included the isotope energies

of239Pu (5.14 Mev), 240Pu (5. 16 Mev), P38Pu (5.49 Mew)) and Z36PU

(5.75 Mev). The amplifier gain setting gave a scale factor of 37 Kev

per channel. Each isotope present was registered over a spread of

approximately ten channels.

A disposable metal collimating ring. sorrounding each sample

disc, was used with each sample to preclude the counting of degraded

alpha particles. Some loss in counting efficiency restlted but was off-

set by imnproved peak contours and distinct neparation.of alPa energy

peaks. The resolution (full width at half-rnaximurn) of the four Frisch

Grid chambers, including disc collimnation, was 0. 88% at 5. 15 Mev.

The alpha peak counting efficiency was approximately 35%.

The counting time for an unknown sample was 4etermined by

the isotope having the lowest activity. If activity levels permitted, the

lowest activity peak was counted to a standard error of within 3%.

The maximumn counting time for any sample was limited to W00O min-

utes.

Calculation of Z39, 2 4 0•Pu

The results of the alpha pulse-height analyses are presented on

printedtape. A graphical plot of a typical spectrum for a tissue con-
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tanning a moderate amount of Z39Pu is illustrated in Figure D.4. The

cnvrgy calibration lane was calculated from the pre-and poetcounwtng

encr•y calabrations of the counting chamber. A summation was made

of counts under each isotope peak present. These counts were cor-

rected for low energy tail. background, peak resolution, and instru-

ment drift. The plutonium content of the sample was c. Iculated by:

239, Z40PU dpM - counts 239. 240 Pu x dpr, 236PUcounts Z30PU

Z3 9 Pu and Z40Pu could not be calculated separately, as their alpha

energies were too close to resolve with a Frisch-Grid Chamber.

The counting efficiency of each Frisch-Grid Chamber was mea-

surted, using a high precision alpha standard, and it was not necessary

to calculate a yield to determine the plutonium content. However,

the yield was usually determined as a quality control measure in

order to assess the efficiency of the chemistry procedure.

Quality Control

The biological specimens, received in the form of frozen samples

sealed in plastic bags. were stored in a walk-in freezer prior to

processing. Samples were analyzed in a low-level radiochemical

laboratory to prevent contamination from outside sources and

processed with adequate spacing using all new glasswar'e to prevent

cross-contamination. The few samples which weft expected to be

higher in plutonium content, by virtue of their exposure, were processed

separately.

All reagents were made up fresh and analyzed for any laboratory

blank. Simulated samples (prepared by adding a 236Pu spike to a matrix

similar to the animal specimens) were analyzed to check on procedures.

The laboratory blanks were effectively ýLackground. For an optimum
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sample counting time of 1,000 minutes, the blanks were found to be in

the region of 0. 05 dpmwhich is the limit of detection for the instrumient.

All activity measurements were performed in an isolated and

controlled area. The background count rate ixrd countag efficiency of

each Frisch-Grid Chamber was checked periodically. In the 39, Z40pVu

energy region, the background count was approximately 0. 001 cpm.

RESULTS

Based on the sample@ analyzed, the reflux wet ashing-tracer pro-

cedure has been found to be successful It was moderately time-consumilng

and expensive, however Ordinarily 3 to 5 days were required to dissolve

16 to ZQ large tissue samples. A combination of -40 3 , H2 SO4 . fuming-HNO
4(Reference 

21?
and HC14O dissolutions in open beakers was substituted for smaller samples./

A tabulation of radiochemical yields are listed in Table D.I. Generally.

samples 0. 1 to 4 ounces and 4 to 14 ounces averaged 55% and 48 %

respectively. Samples 1 to 9 pounds averaged approximately 50%.

Yields from samples up to 15 pounds are still to be determined. Averages

reported include sorle low yieid samples which were processed before

our procedures had been fully developed. Recent data show improved

yields in all sample categories.

The use of tracer did not lessen the difficulties of recovering such

minute amounts as 0. 1 dprn (7 x 10-13 grams) of plutonium from pounds

oi material. Losses of sample plutonium are always a possibility, but with

addition of tracer, these losses are positively known. Thus, if the

entire sample was lost due to undetected processing irreguLarities,

the sample was reported as lost and not as zero dpm of plutonium.

The sample activities measured in thin program are not germane

to tthis paper, since samples came from both exposed and unexposed
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animals. Some animal organs were found to contain levels of plutonium

below our limits of detectionwhich in nominally 0. 05 dpm. The lowest

saimples showed activity from 0. 05 to 0. 10 dpm.

Variations in yields introduced no special problemsn since each

sample was individually yielded. However, 50 to 70% was considered

most desirable for obtaining optimum sensitivity. The fluctuations in

yields emphasize the inaccuracies which would have resulted had the

work been done without tracer. Also, in retrospect, an adequate

tracer-free plutonium assay procedure would have been very

difficult to develop.
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CHEMICAL PROCEDURE

1. Remove the froaen sample from its polyethylene bag and allow it

to thaw for a few minutes under a heat lamp. If the sample shape

or size is such that it will not fit in the bottom half of a four-

liter beaker, cut the sample into appropriate sections and place

each section in a separate beaker. Rinse the plastic bag with

HNO3 and add the washings to the beaker.

Z. Add enough HZSO 4 to completely cover the sample. Pipet an

appropriate amount of 236 Pu tracer (within a factor of five of

the expected sample activity but a minimum of 15 dprr) into each

beaker and add approximately 5 grams KZSO 4 and 2 to 3 drops Hg

metal. Spray the sample with Dow-Corning Antifoam A silicone

defoame r.

3. Attach the stem of an inverted 6-inch funnel to a ring stand and

clamp and lower the funnel mouth into the beaker, Secure a few

inches above the sample.

4. Digest the sample gently with low hsat until a '!:iack tarry mixture

is obtained. Increase the heat gradually and reflux until the

mixture is a clear solution. The tarry mixture will turn to a

black jelly, a black liquid, a red liquid, and finally, a clear

solution. Raise or lower the funnel during dissolution to control

the reflux action. Wash down any carbonaceous material on the

beaker and funnel walls with HZS0 4 .

5. Evaporate the HZS0 4 until salts start forming. Remove the

funnel and add HNO3 cautiously to cool the solution. If the

sample had been divided into sections for the dissolution, combine

the sections into one beaker and evaporate to low volume. Cool

and transfer the sample with water to a large polyethlene bottle
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or a Z-liter acid bottle. Dilute to approximately 500 ml.

6. Add 10 ml sat. NHzOH. HCI to the diluted sample and about 50 ml

CHCI 3 . Stir with a mechanical stirrer for 1 minute at high speed.

Add 75 to 100 ml 6% aqueous solution of cupferron and stir again

at high speed for 5 minutes.

7. Transfer the mixture into four Z50-ml polyethlene bottles and

centrifuge to separate the phases. Transfer the CHCI 3 extracts

with a transfer pipet to a 400-ml beakerj taking care not to

disturb the interfaces. Repeat the extraction, without addition

of more cupferron, until the CHC13 phases are colorless.

8. Boil the CHC13 collections to low volume (approximately 3 wl) and

allow contents to cool. Rinse down the sides of the beaker with

HNO 3 and boil to approximately 3 ml. Rinse the sides with fu-ning

nitric and boil down again (avoid dryness). Add 10 ml turning

nitric and 25-30 ml HCIO 4 . Cautiously heat until an exothermic

HC1O 4 reaction begins. Remove the beaker from the lbot plate

and allow the reaction to go to completion.

9. Fume the HCIO 4 to low volume. Cool the solution and transfer

with water washes to a 40-ml centrifuge cone.

10. Add 10 mg Fa unless the sample is known to contain that

much or more. Add 19N NaOH until the solution is basic to

precipitate metal ions. Add 5 ml sat. Na CO3 solution and digest

the precipitate in a hot water bath for 10 minutes. Centrifuge and

decant the supernate to waste. Dissolve the precipitate in HNO 3

and dilute to approximately 30 ml.

11. Make the solution basic with NH 4 OH and digest the precipitate

in a hot water bath for 10 minutes. Centrifuge and decant the

supernate to waste. Wash the precipitate twice with 10-ml portions

of HzO containing 1 drop NH 4 OH.
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IZ. Dissolve the precipitate in a minimum of HNO 3 and add 10 ml

6N HNO'3.

13. Prepare a 100 to 200 mesh Dowex I-X 10 resin column by adding

approximately 1/2 inch of resin to a tubulated glass colurmn,

12 mm ID. and 85 mm in length, containing a Dacron wool

plug at the bottom. Insert another plug it the top and pro-condition

the column with 40 ml 6N HNO 3 .

14. Pour the solution from step 12 onto the column. Wash the centrifuge

tube with 20 ml 6N HNO 3 . followed by 20 ml HCI and add the

washings to the column.

15. Allow the column to drain and eluts the plutonium into a SO-rnl

beaker with 30 ml of frc-shly prepared HCI-NH4 1 (approxma0ely 50 mg

NH 4 I per 30 ml HCI).

16. Evaporate the eluate to approximately 5 ml and add 5 ml HNO 3 to

destroy 1-. Add 3 ml HC1O 4 and evaporate to wet dryness.

17. Take up the residue in I ml HCI and evaporate to dryness. Do not

bake. Rotate the beaker to insure complete dryness. Add Z ml

HG1., boil t -- d alactropin-tin- call.

(note a). Rinse the beaker with two 1/2-ml HCl washes and one

I/2-rnl water wash. Transfer each wash to the plating cell (note b).

a. The platinum disc and anode must be freed of any gre-ase film

by rinsing several times with acetone and alcohol. Write the

sample identification on the back of the disc. Ignite to red

heat in a Fisher burner flame. The electroplating cell must

be clean and free of any foreign material. Checa for leakage

before use.

b. Keep the plating solution at minimum volume during this

transfer and also during the titration.
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18. Add drop methyl red indicator. Add NH 4 OH dropwise until the

indicator shows the solution to be basic Jyellaw). Add ZN HCI

dropwioe until the solution is just acid. Add I drop in excess.

19. Place the sample on a Sargent-Slomin electrolytic analyzer.

Adjust the rotating anode to approximately 1/4 inch above the

platinum disc. Plate for 10 minutes at a starting current of

Z. 5 amp and approximately 5 volts. The current may fluctuate

during the plating period, Check occasionally and adjust the

current to maintain 2. 6 amp throughout the plating operation.

20. At the end of the electroplating period, adQ I ml NH 4OH. Stir

for 15 seconds. Turn off the current and stirrer. Remove the

.inode from the plating solution.

21. Immediately transfer the plating solution into the beaker used

for evaporation. Rinse the inside of the plating celi 3 timefs

with water washes. Combine the washes with the plating solution

in the beaker.

ZZ. Dismantle the plating cell and remove the platinum disc. Rinse

with alcohol and ignite the disc to red heat.

23. Place disc in a lined and labeled tin box and submit for alpha pulse

height analysis.
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7A3lE D. I EFFECT OF SAMPLE SIZE ON PU RECOVERY

Sa•pn e Tissue Number Pu Pu
Weight of Recovery Recovery
Range Samples Range Average

Ouncesf.1

0. Z- 0.3 Hilar Node (D) IZ 44-74 61

0.3- 0.4 Hilar Node (S) 9 21-62 43

0. Z- 0.9 Hilar Node (B) 12 33-77 60

0.4- 0.8 Phar. Mucosa (D) 15 37-75 65

0.7- 0.8 Nasal Mucosa (D) 2 50-79 65

1. 1- 1.6 Trachea (D) 9 39-85 58

1.4- 2.3 Kidney (D) 14 24-88 51

1. 7- 3. Z Phar. Mucosa (B) 6 32-68 49

2.4- 3. 6 Lung. (D) 9 a8-64 49

3.3- 4.0 Kidney (S) 6 40-72 55

4. 8- 6.4 Liver (S) 17 26-80 47

5. 3- 3. 5 Cuntrols Z6 24-74 52

6. 1- 7.3 Bone %S) 18 24-69 42

7. 8-14. Liver (D) 10 30-77 50

Pounds %

0. 9- 1, 1 Trachea (B) 5 42-70 . .. 56

1.0- 2.5 Kidney (B) 16 21-80 49

1. 9- 3.3 Bone (B) 24 23-75 54

3.6-10.2 Lung (B) 3 34-75 52

4.4- 8.9 Liver (B) 10 37-57 48

TOTAL 223 Al-66 52

0 D a Dogs S wSheep, B w Burro
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Froze'n Sam pie

T h•.%w

Section
Kiar04

Tracer
Die . 1),IS0 4 (Solid)

Hg metal catalyst
Defoarner
Digest with heat
Reflux

-- / I rganic Matter

Clear Solution

Evaporate to salts
HNO 3

Combine sections
Sep'n. Transfer to large polyethlene bottle

Satd. NHSOH HCI
CHCl 3 - Cupferron extraction
Repeat extraction - Transfer to beaker

• Insoluble Salts

Metal Ions in Organic Extractant

Evaporate to low volume
HNO, and f-HNOj - evaporation@
HCIO, - exothermic reaction
HO - Transfer to centrifuge cone

... Organic Extractanw

Metal Ions in Aqueous Solution

SFe +
19N NaOH
Sat'd. Na2 CO1 .ad ,) Uranium Carbonate Comple;

Metal Hydroxides and Carbonates

OHN0J NH4 0 H . Soluble Salts

Metal Hydroxides and Carbonates

I 6N HNOS
Dowex l-XIO Resin column6N HN03 - HC1
HCI - NH4I elutionj 6Nv .....- " Metal Complexes

pu+3, 4

Figure D.2 Chemical dis3olution, separation, and purification
sequential scheme.
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Fvaporzte to low volume
HNO3 and HCIO,
Evaporate to wet dryness
HC1
Fvaporate to dryness
HCI. evaporate to Iml
Transfer to electroplating cell containing platinum disc

pu*-, 4 in plating cell

SMethyl Red Indicator
NH4 0H
ZN HCl - ph adjui Iment
Tranru r onto an electrolytic analyser

Cell *n electrolytic analyser

Anode adjustment - 1/4 inch above disc
Current - 2. 5 amps., 5 volts
Plate 10 - Z0 minutes
N H4 OH
Remove anode
HzO wash
Remove platinum disc
EtOH

4 Ignite

Figure D.3 Plutonium electroplating sequential scheme.
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APPENDIX E

DATA TABLES FOR PUZ, PU" AND URANTUM (UA)
IN PHYSICAL, BIOLOGICAL. TRACER, AND

QUALM CONTROL SAMPLES

KEY TO PHYSICAL SAMPLE TYPE

TL\V An,%I. DesI2. Sample Tyie

CCD Casella Disc

CCF Casella Filter

CAD Andersen Disc

CAF Andersen Filter

CTA Total Air Sample

CTD Total Air Sample
Disposable

CSA Sequential Air Sample

CDS Deposition Sample

CQC Soil Samples (Quality
Control)

CWS Water Samples

CAC Aluminum Collectors

CVS Vegetation (Sagebrush)

CSF Soil Fractions

CBS Balloon Wire Swipes
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KEY TO BIOLOGICAL SAMPLE TYPE

T.W Anal. Desig, Sample Tlve

RDB Dog Bone

RDK 
" Kidney

RDL 
" Liver

RDR 0 Lung

RDH 
" Hilar Node

RDT 
" Trachea

RDS " G. I. Tract

RDP Pharyngeal Mucosa

RDN 
" Nasal Mucosa

RSB Sheep Bone

RSK " Kidney

RSL " Liver

RSR 
a Lung

RSH HiAar Node

RST 
a Trachea

RSS 
a G.I. Tract

RSN 
a Nasal Mucoma

RSU 
aUrie

RSF Feces
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KEY TO BIOLOGICAL SAMPLE TYPE (2)

TLWAn.-I. Desitn.

RBB Burro Bone

RBK a Kidney

RBL a Liver

RBR " Lung

RBH " HUar Node

RBT Trachea

RBS " G.I. Tract

RBP 
U Pharyngeal Mucosa

RBN 
- Nasal Mucosa
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APPENDIX F
EQUIPMENT AND PLOT OF TYPICAL SPECTRUM
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I*1

Figure F.2 Frisch-grid chambers. (Tracerlab photo)
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